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Abstract:  Fuel  cells  are  an  environmentally  clean,  quiet,  and  a  highly 
efficient  method  for  generating  electricity  and  heat  from  natural  gas  and 
other  fuels.  In  fiscal  year  1993  (FY93),  the  Engineer  Research  and 
Development  Center,  Construction  Engineering  Research  Laboratory 
(ERDC-CERL)  was  assigned  the  mission  of  managing  the  DOD  Fuel  Cell 
Demonstration  Program.  Specific  tasks  included  developing  turnkey  PAFC 
packages,  devising  site  criteria,  screening  candidate  DOD  installation  sites 
based  on  selection  criteria,  evaluating  viable  applications  at  each 
candidate  site,  coordinating  fuel  cell  site  designs,  installation  and 
acceptance  of  the  PAFC  power  plants,  and  performance  monitoring  and 
reporting. 

CERL  selected  and  evaluated  30  application  sites,  supervised  the  design 
and  installation  of  fuel  cells,  actively  monitored  the  operation  and 
maintenance  of  fuel  cells,  and  compiled  “lessons  learned”  for  feedback  to 
fuel  cell  manufacturers.  At  the  conclusion  of  the  demonstration  period, 
each  of  the  demonstration  fuel  cell  sites  was  given  the  choice  to  either  have 
the  fuel  cell  removed  or  to  keep  the  fuel  cell  power  plant.  This  report 
presents  a  detailed  review  of  a  200  kW  fuel  cell  installed  at  Edwards  Air 
Force  Base  (AFB)  and  operated  between  July  1997  and  July  2002. 


DISCLAIMER:  The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or  promotional  purposes.  Citation 
of  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the  use  of  such  commercial  products.  All  product 
names  and  trademarks  cited  are  the  property  of  their  respective  owners.  The  findings  of  this  report  are  not  to  be  construed  as 
an  official  Department  of  the  Army  position  unless  so  designated  by  other  authorized  documents. 

DESTROY  THIS  REPORT  WHEN  NO  LONGER  NEEDED.  DO  NOT  RETURN  IT  TO  THE  ORIGINATOR. 
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Preface 

In  fiscal  years  93  and  94,  Congress  provided  funds  for  natural  gas  utiliza¬ 
tion  equipment,  part  of  which  was  specifically  designated  for  procurement 
of  natural  gas  fuel  cells  for  power  generation  at  military  installations.  The 
purchase,  installation,  and  ongoing  monitoring  of  30  fuel  cells  provided  by 
these  appropriations  has  come  to  be  known  as  the  “DOD  Fuel  Cell  Demon¬ 
stration  Program.”  Additional  funding  was  provided  by:  the  Office  of  the 
Deputy  Under  Secretary  of  Defense  for  Industrial  Affairs  &  Installations, 
ODUSD  (IA&I)/HE&E;  the  Strategic  Environmental  Research  &  Devel¬ 
opment  Program  (SERDP);  the  Assistant  Chief  of  Staff  for  Installation 
Management  (ACSIM);  the  U.S.  Army  Center  for  Public  Works  (CPW);  the 
Naval  Facilities  Engineering  Service  Center  (NFESC);  and  Headquarters 
(HQ),  Air  Force  Civil  Engineer  Support  Agency  (AFCESA). 

The  work  was  performed  by  the  Energy  Branch  (CF-E),  of  the  Facilities 
Division  (CF),  Construction  Engineering  Research  Laboratory  (CERL). 

The  CERL  Principal  Investigator  was  Franklin  H.  Holcomb.  Part  of  this 
work  was  done  by  Science  Applications  International  Corporation  (SAIC) 
under  General  Services  Administration  (GSA)  contract  No.  5TS5703C166. 
J.  Michael  Torrey  and  John  F.  Westerman  are  associated  with  SAIC.  Dr. 
Thomas  Hartranft  is  Chief,  CEERD-CF-E,  and  L.  Michael  Golish  is  Chief, 
CEERD-CF.  The  associated  Technical  Director  was  Gary  W.  Schanche, 
CEERD-CVT.  The  Director  of  CERL  is  Dr.  Ilker  R.  Adiguzel. 

CERL  is  an  element  of  the  U.S.  Army  Engineer  Research  and  Development 
Center  (ERDC),  U.S.  Army  Corps  of  Engineers.  The  Commander  and  Ex¬ 
ecutive  Director  of  ERDC  is  COL  Richard  B.  Jenkins,  and  the  Director  of 
ERDC  is  Dr.  James  R.  Houston. 
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1  Introduction 

1.1  Background 

In  fiscal  year  1993  (FY93),  the  U.S.  Congress  appropriated  $18  million  to 
advance  the  use  of  phosphoric  acid  fuel  cells  (PAFCs)  at  Department  of 
Defense  (DOD)  installations.  An  additional  $18.75  million  was  appropri¬ 
ated  in  FY94  to  expand  the  program.  The  Engineer  Research  and  Devel¬ 
opment  Center,  Construction  Engineering  Research  Laboratory  (ERDC- 
CERL)  was  assigned  the  mission  of  managing  the  DOD  Fuel  Cell  Demon¬ 
stration  Program.  Specific  tasks  included  developing  turnkey  PAFC  pack¬ 
ages,  devising  site  criteria,  screening  candidate  DOD  installation  sites 
based  on  selection  criteria,  evaluating  viable  applications  at  each  candi¬ 
date  site,  coordinating  fuel  cell  site  designs,  installation  and  acceptance  of 
the  PAFC  power  plants,  and  performance  monitoring  and  reporting. 

Thirty  DOD  fuel  cell  sites  were  selected  based  on  the  following  criteria: 

1.  Geographic  diversity 

2.  Application  diversity 

3.  Fuel  cell  utilization  at  site 

4.  Energy  cost  savings. 

The  first  two  criteria  are  related  more  to  overall  program  goals;  the  last  are 
typical  criteria  for  most  fuel  cell  evaluations.  It  was  important  for  the  DOD 
Fuel  Cell  Program  sites  to  represent  a  cross  section  of  both  “base”  (includ¬ 
ing  climate)  and  “building”  applications.  It  was  also  important  to  identify 
applications  where  a  high  percentage  of  the  fuel  cell  thermal  and  electrical 
output  could  be  used  at  the  site  to  demonstrate  the  greatest  benefits. 

Energy  savings  were  less  important  in  this  Program  than  is  typical  with 
commercial  applications  since  fuel  cells  purchased  by  the  DOD  were  given 
to  the  Program  sites.  The  economic  criteria  for  each  application  was  to 
generate  at  least  $25,000  per  year  in  energy  savings,  which  would  essen¬ 
tially  cover  annual  maintenance  costs.  This  would  enable  the  fuel  cell  to 
pay  for  itself  once  the  responsibility  for  maintenance  was  turned  over  to 
the  base  (after  approximately  5  years). 

The  program  followed  a  consistent  approach  for  selecting  sites,  designing 
and  reviewing  installation  plans,  installing  and  maintaining  the  fuel  cells, 
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collecting  fuel  cell  performance  data  and  project  decommissioning.  This 

involved: 

1.  Preliminary  Screening.  Base  energy  data  from  the  Defense  Energy  In¬ 
formation  System  (DEIS)  were  used  to  rank  DOD  sites  by  utility  rates 
and  potential  fuel  cell  energy  savings.  DOD  base  personnel  were  con¬ 
tacted  to  identify  their  interest  in  hosting  a  fuel  cell  demonstration  unit 
and  identify  a  preliminary  list  of  potential  building  applications.  The 
Navy  and  Air  Force  provided  an  initial  list  of  candidate  sites  for  consid¬ 
eration. 

2.  Site  Visits.  ERDC/CERL  and  Science  Applications  International  Corpo¬ 
ration  (SAIC)  representatives  visited  each  base,  evaluated  potential  fuel 
cell  application  sites  and  discussed  possibilities  with  site  personnel. 
Data  on  energy  consumption  and  rates,  hours  of  operation,  availability 
of  space,  etc.  were  collected  during  the  site  visit. 

3.  Site  Evaluation  Reports.  SAIC  prepared  a  site  evaluation  report* 
documenting  site  information,  presenting  conceptual  fuel  cell  installa¬ 
tion  plans,  estimation  of  electrical  and  thermal  energy  savings,  and 
projected  fuel  cell  energy  savings.  Based  on  the  viability  of  the  pro¬ 
posed  fuel  cell  application,  the  base  was  accepted  as  a  program  site. 

4.  Kick-off  Meetings.  ERDC/CERL,  SAIC,  United  Technologies  Corp. 
(UTC)  Fuel  Cells  (formerly  ONSI  Corp.  and  International  Fuel  Cells) 
and  site  personnel  met  to  review  the  site  evaluation  report,  discuss 
relevant  issues,  schedules,  and  any  other  concerns.  UTC  Fuel  Cells  col¬ 
lected  site  data  for  use  in  preparing  the  detailed  site  installation  draw¬ 
ings. 

5.  Design  Review  Meetings.  Detailed  design  drawings  were  submitted  by 
UTC  Fuel  Cells  for  review  by  ERDC/CERL,  SAIC,  and  site  personnel. 
Specific  issues  related  to  the  design  were  discussed  and  UTC  Fuel  Cells 
would  incorporate  changes  to  the  drawings  based  on  the  input  re¬ 
ceived. 

6.  Acceptance  Tests.  Installation  of  the  fuel  cells  was  the  responsibility  of 
UTC  Fuel  Cells.  After  the  fuel  cell  installation  was  completed,  a  series 
of  tests  were  performed  to  validate  fuel  cell  performance.  On  successful 
completion,  the  fuel  cell  was  turned  over  to  the  base,  but  operation  and 
maintenance  remained  the  responsibility  of  UTC  Fuel  Cells  for  ap¬ 
proximately  5  years.  Appendix  A  includes  a  copy  of  the  acceptance  test 
report. 


*  Michael  J.  Binder,  Franklin  H.  Holcomb,  and  William  R.  Taylor.  (March  2001).  Site  Evaluation  for  Appli¬ 
cation  of  Fuel  Cell  Technology:  Edwards  AFB,  ERDC/CERL  Technical  Report  (TR)  01-60/  ADA395031, 
paa.  Champaign,  IL:  Engineer  Research  and  Development  Center,  Construction  Engineering  Research 
Laboratory  (ERDC-CERL). 
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7.  Dedication  Ceremonies.  Many  of  the  fuel  cell  sites  held  a  fuel  cell  dedi¬ 
cation  ceremony  as  part  of  their  program  participation.  Often,  dignitar¬ 
ies  such  as  Generals  and  State  Governors  were  in  attendance. 

8.  Fuel  Cell  Operations.  The  fuel  cells  operated  for  3  to  5  years.  UTC  Fuel 
Cells  was  responsible  for  maintenance  of  the  power  plant  as  well  as  col¬ 
lection  of  fuel  cell  performance  data. 

9.  Fuel  Cell  Decommissioning.  At  the  conclusion  of  the  demonstration 
period,  UTC  Fuel  Cells  was  responsible  for  removing  the  fuel  cell  and 
returning  the  site  to  the  its  condition  before  to  the  fuel  cell  installation. 
Each  of  the  FY93  fuel  cell  sites,  including  Edwards  AFB  was  given  the 
opportunity  to  keep  the  fuel  cell  power  plant  at  the  end  of  the  demon¬ 
stration  and  take  responsibility  for  all  costs  and  issues  related  to  opera¬ 
tion,  performance,  and  decommissioning. 

This  report  presents  a  detailed  review  of  a  200  kW  fuel  cell  installed  at 
Edwards  Air  Force  Base  (AFB).  The  base  is  located  in  near  Palmdale,  CA, 
approximately  60  mi  north  of  Los  Angeles.  The  fuel  cell  was  installed  at 
the  hospital  as  part  of  the  DOD  Fuel  Cell  Demonstration  Program.  The  fuel 
cell  operated  between  July  1997  and  July  2002. 

1.2  Objectives 

The  overall  objectives  of  the  Fuel  Cell  Demonstration  Program  were  to: 

•  demonstrate  fuel  cell  capabilities  in  real-world  situations 

•  stimulate  growth  and  economies  of  scale  in  the  fuel  cell  industry 

•  determine  the  role  of  fuel  cells  in  DOD’s  long-term  energy  strategy. 

The  specific  objective  of  this  part  of  the  program  was  to  give  a  detailed  re¬ 
view  of  the  PAFC  fuel  cell  demonstration  at  Edwards  AFB. 

1.3  Approach 

The  review  process  involved: 

1.  Collecting  data  from  stage  of  the  Fuel  Cell  Demonstration  Program  at 
Edwards  AFB 

2.  Analyzing  the  data  in  terms  of  the  technology’s  capabilities,  perform¬ 
ance,  and  potential  for  a  continuing  role  in  the  DOD’s  long-term  energy 
strategy 

3.  Compiling  lessons  learned  from  the  demonstration  experience 

4.  Making  recommendations  for  continued/improved  use  of  the  technol¬ 
ogy  at  DOD  installation. 
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1.4  Mode  of  Technology  Transfer 

Results  of  this  work  will  be  forwarded  directly  to  the  funding  sponsor  and 
to  the  participating  installation.  This  report  will  be  made  publicly  accessi¬ 
ble  through  the  World  Wide  Web  (WWW)  at  URLs: 

http://www.cecer.armv.mil 

http://www.dodfuelcell.com 
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2  Project  Overview  and  Participants 

2.1  Project  Timeline 

The  first  formal  activity  related  to  the  fuel  cell  demonstration  unit  at  Ed¬ 
wards  AFB  was  a  site  evaluation  meeting  held  in  August  1996.  (Appendix 
B  contains  notes  from  this  meeting  and  from  the  meeting  of  25  March 
1997.)  The  fuel  cell  was  started  up  in  June  1997  and,  over  the  next  5  years, 
it  operated  for  over  28,000  hours  and  generated  more  than  5  million  kWh 
of  electricity.  The  demonstration  unit  remains  at  the  Edwards  AFB,  al¬ 
though  it  is  not  currently  operational.  Table  1  lists  the  major  events  and 
milestones  for  this  fuel  cell  demonstration  unit. 


Table  1.  Time  line  of  major  events  and  milestones. 


Date 

Event 

15-16 

August 

1996 

Site  Evaluation  Meeting  held  at  Edwards  AFB 

29 

January 

1997 

Site  Evaluation  Report  submitted  by  SAIC 

5 

February 

1997 

Project  Kick-off  Meeting  held  at  Edwards  AFB 

18 

February 

1997 

Draft  design  drawings  submitted  by  UTC  Fuel  Cells 

25 

March 

1997 

Fuel  Cell  Design  Review  meeting  held  at  Edwards  AFB 

25 

April 

1997 

ERDC/CERL  authorizes  UTC  Fuel  Cells  to  commence  construc¬ 
tion. 

23-25 

June 

1997 

Acceptance  testing  performed 

16 

July 

1997 

Acceptance  Test  Meeting;  Form  DD250  signed  by  Edwards  AFB 

25 

October 

1997 

1,000  hours  of  operation  milestone 

26 

October 

1997 

Fuel  cell  shut  down  due  to  failed  cooling  coil  and  cell  sub-stacks. 
Cell  stack  removed  and  sent  back  to  UTC  Fuel  Cells  for  repair. 

4 

February 

1998 

Repaired  cell  stack  installed 

11 

March 

1998 

Power  plant  restarted  after  3,203  outage  hours. 

12 

October 

1998 

5,000  hours  of  operation  milestone 

4 

July 

1999 

10,000  hours  of  operation  milestone 

17 

February 

2000 

15,000  hours  of  operation  milestone 

3 

November 

2000 

20,000  hours  of  operation  milestone 

1 

July 

2002 

Fuel  cell  shut  down  for  final  time 

Chapter  4  of  this  report  gives  a  more  detailed  analysis  of  the  fuel  cell  op¬ 
eration  and  performance  history. 


There  was  an  approximately  10-month  period  between  the  initial  site 
evaluation  meeting  and  the  fuel  cell  acceptance  test.  It  took  approximately 
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3  months  to  install  the  fuel  cell  following  acceptance  of  the  installation  de¬ 
sign.  UTC  Fuel  Cell  was  responsible  for  the  installation  of  all  30  fuel  cells 
installed  as  part  of  this  program.  GBC  Electrical  Services  installed  the  fuel 
cell  at  Edwards  AFB  as  a  subcontractor  to  UTC  Fuel  Cells. 

2.2  Project  Participants 

The  successful  demonstration  of  this  fuel  cell  unit  required  the  efforts  of 
several  organizations  and  individuals: 

•  ERDC/CERL  had  overall  responsibility  for  the  DOD  Fuel  Cell  Demon¬ 
stration  Program  unit  installed  at  the  Naval  Hospital.  ERDC/CERL  was 
responsible  for  contracting  with  the  fuel  cell  manufacturer,  identifying 
all  sites,  managing  all  site  evaluations,  and  overseeing  all  design,  in¬ 
stallation,  operation,  and  maintenance  activities. 

•  UTC  Fuel  Cells  manufactured  the  PC25B  and  PC25C  fuel  cells  used  at 
the  bases.  They  were  responsible  for  manufacturing  the  fuel  cell  as  well 
as  the  detailed  design  drawings,  fuel  cell  installation,  opera¬ 
tion/maintenance  and,  if  necessary,  fuel  cell  removal. 

•  SAIC  was  responsible  for  evaluating  potential  building  applications  at 
each  site,  developing  fuel  cell  conceptual  designs,  performing  a  pre¬ 
liminary  economic  analysis  and  submitting  the  site  evaluation  report 
for  review  by  all  parties.  In  addition,  SAIC  was  involved  in  the  detailed 
design  reviews  and  participating  in  the  design  review  meetings.  For 
this  demonstration  unit,  SAIC  also  conducted  independent  perform¬ 
ance  monitoring  of  the  fuel  cell. 

•  GBC  Electrical  Services  was  the  installation  contractor  for  this  fuel  cell. 
In  addition,  they  performed  the  maintenance  on  the  fuel  cell  and  were 
involved  in  its  removal. 

•  Edwards  AFB  Hospital  was  directly  involved  in  the  review  and  ap¬ 
proval  of  the  fuel  cell  project. 

•  Edwards  AFB  Personnel  provided  review  and  approval  for  various  as¬ 
pects  of  the  project  including  fire  and  utilities  interfaces. 

Table  2  lists  the  individuals  involved  in  this  demonstration  project  at  the 
Hospital.  Figure  1  shows  the  fuel  cell  installation. 
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Table  2.  Principal  project  participants. 


Organization 

Name 

Project  Role 

ERDC/CERL 

Dr.  Michael  Binder 

Manager,  Fuel  Cell  Demonstration  Pro¬ 
gram 

ERDC/CERL 

Franklin  Fiolcomb 

Fuel  Cell  Project  Manager 

ERDC/CERL 

William  Taylor 

Fuel  Cell  Project  Manager 

UTC  Fuel  Cells 

Joseph  Staniunis 

Installation  Designer 

UTC  Fuel  Cells 

Douglas  Young 

Technical  Representative 

UTC  Fuel  Cells 

Thomas  Pompa 

Installation/Maintenance  Coordinator 

Science  Applications  Int’l 

Corp. 

Gerry  Merten 

Principal  Technical  Manager 

Science  Applications  Int’l 

Corp. 

Mike  Torrey 

Project  Manager 

Edwards  AFB 

Ken  Munson 

Base  Point  of  Contact 

Edwards  AFB 

Lt.  MattSufnar 

95CEG/CE0 

Edwards  AFB 

Jose  DeLavega 

95CEG/CECV 

Edwards  AFB 

F.P.  Woodland 

95MG/SGAF 

GBC  Electrical  Services 

George  Collard 

Installation/Maintenance  Contractor 

Figure  1.  Fuel  cell  installation. 
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3  Fuel  Cell  Design  and  Installation 

3.1  Fuel  Cell  Building  Application 

The  Hospital,  built  in  1955,  is  a  65,000  sq  ft  building  with  an  emergency 
room,  several  clinic  facilities,  and  30  hospital  beds.  Additions  were  made 
to  the  hospital  in  1966.  The  average  occupancy  for  inpatients  was  ap¬ 
proximately  10  beds  per  night.  Two  back-up  generators,  rated  at  300  kW 
and  500  kW,  provide  backup  power  to  the  facility.  Space  heating  and  do¬ 
mestic  hot  water  is  provided  by  the  two  steam  boilers  located  inside  the 
mechanical  room.  The  steam  distribution  system  operates  throughout  the 
year  and  provides  for  instrument  sterilization  and  also  to  control  building 
humidity  levels.  For  space  cooling  requirements,  there  are  two  200  ton 
chillers  that  operate  throughout  the  year  to  provide  space  cooling  and  to 
control  humidity.  More  details  about  the  site  can  be  obtained  from 
ERDC/CERL  TR-01-60,  available  through  URL: 

http://www.cecer.army.mil/techreports/Hol  SE  Edwards/Hol  SE  Edwards  TR.pdf 

3.2  Conceptual  Installation  Design 

A  preliminary  conceptual  design  for  the  fuel  cell  installation  was  prepared, 
based  on  the  initial  site  evaluation  meeting  in  August  of  1996.  Figure  2 
shows  the  layout  of  the  mechanical  room,  fire  system  pump  room,  existing 
chillers,  and  the  proposed  fuel  cell  location,  including  proposed  fuel  cell 
interface  connections. 

The  proposed  fuel  cell  location  was  adjacent  to  the  fire  system  pump  room 
and  the  mechanical  room  at  the  end  of  an  asphalt  driveway.  This  location 
was  close  to  the  facility  steam  lines  located  inside  the  pump  room,  and  ap¬ 
proximately  halfway  between  the  electric  transformer  and  main  natural 
gas  line  for  the  hospital. 

Initial  plans  were  to  connect  the  fuel  cell  electrical  interface  into  the  low 
voltage  side  of  the  12,ooo/48oV  transformer  (1,000  kVA)  that  supplied 
electricity  to  the  hospital  facility.  This  connection  would  allow  the  electri¬ 
cal  wiring  distance  to  be  approximately  60  ft.  No  grid-independent  mode 
operation  was  proposed  for  this  application. 
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The  proposed  thermal  interface  was  to  take  the  fuel  cell’s  high  grade  heat 
exchanger  (a  fuel  cell  option)  and  tie  into  the  space  heating  loop  to  add 
heat  on  the  return  side.  Figure  3  shows  the  proposed  fuel  cell  thermal  in¬ 
terface  where  180  °F  return  water  is  heated  up  by  the  fuel  cell  prior  to  en¬ 
tering  the  steam  heat  exchanger.  The  thermal  piping  distance  was  esti¬ 
mated  to  be  approximately  15  ft. 


Figure  2.  Conceptual  design  fuel  cell  location  and  interfaces. 
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Space  Heating 


From  Boiler 
To  Boiler 


Figure  3.  Conceptual  design  fuel  cell  thermal  interface. 

3.3  Detailed  Design  Drawings 

UTC  Fuel  Cells  submitted  an  original  set  of  design  drawings  on  18  Febru¬ 
ary  1997.  The  drawings  were  reviewed  by  base  personnel,  ERDC/CERL, 
and  SAIC.  A  design  review  meeting  was  held  25  March  1997  at  Edwards 
AFB,  at  which  the  following  drawings  were  submitted: 

S-i:  Site  Foundation  Plan 

ME-i:  Mechanical/Electrical  Layout  Plan 

M-i:  Mechanical  Piping  and  Instrumentation  Diagram 

M-2:  Mechanical  Piping  Details 

E-i:  Electrical  Wiring  Diagrams 

E-2:  Electrical  Details. 

The  orientation  of  the  fuel  cell  was  rotated  90  degrees  from  the  initial  con¬ 
ceptual  design  layout  to  accommodate  maintenance  activities.  Thermal 
piping  was  run  above  ground  on  the  new  fuel  cell  cement  pad  located  in¬ 
side  the  fenced  area.  Reviewers  submitted  comments  based  on  the  initial 
drawings.  (Appendix  C  includes  copies  of  these  comments.)  Table  3  lists 
the  changes  made  to  the  detailed  site  drawings,  both  before  and  after  the 
design  review  meeting.  Figures  4  through  10  show  the  final  installation 
drawings. 
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Table  3.  Changes  to  design  drawings  based  on  comments. 


Drawing 

Changes 

1. 

Provide  standard  wall  penetration  detail. 

S-l 

2. 

Note  that  equipment  pad  will  have  #4  rebar  on  2-ft  centers  instead  of  1-ft  cen¬ 
ters. 

3. 

Provide  dimension  of  power  module  frame  wide,  fence  width  (short  side)  and 
clearance  between  fuel  cell  fence  and  open  grate  area. 

1. 

Extend  arrow  for  #7  polygon  (electrical  connection)  note  to  indicate  the  make-up 
water  line. 

2. 

Add  “boxed  M”  to  symbol  list. 

ME-1 

3. 

Note  the  #3  and  #5  mechanical  connections  are  not  used. 

4. 

Move  the  nitrogen  bottles  2  ft  closer  to  hospital  (Bldg.  5500)  so  that  it  is  fully 
supported  by  the  wall  of  Building  5700. 

5. 

Disconnect  labels  changed  (reversed  grid-connected  and  grid-independent. 

1. 

Correct  the  note  for  the  source  of  natural  gas  to  indicate  the  interface  is  at  the 
existing  gas  piping  under  the  parking  lot  (as  noted  in  Drawing  ME-1) 

M-l 

2. 

Indicate  the  gas  meter  should  be  installed  with  a  bypass  (as  noted  on  M-2,  gas 
piping  detail. 

3. 

In  the  Equipment  Schedule  List,  change  the  PI  pump  specification  to  1-1/2AA, 
1/2  HP.  (This  was  incorrectly  listed  as  1-1/2A,  1/2  HP). 

M-2 

No  changes. 

E-l 

1. 

Change  the  conduit  size  for  the  telephone  conductors  to  1-in.  to  match  power 
module  interface  opening  size. 

E-2 

No  changes. 
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M  1  MECHANICAL  PIPING  AND  INSTRUMENTATION  DIAGRAM 

M— 2  MECHANICAL  PIPING  DETAILS 

E  1  ELECTRICAL  WIRING  DIAGRAMS 

E  2  ELECTRICAL  DETAILS 


CODE  INFORMATION 

INSTALLATION  SHALL  COMPLY  WITH  THE  FOLLOWING  CODES: 

THE  BOCA  NATIONAL  BUILDING  CODE  1990 
THE  BOCA  NATIONAL  MECHANICAL  CODE  1990 
THE  BOCA  NATIONAL  PLUMBING  CODE  1990 
THE  NATIONAL  ELECTRICAL  CODE  1993 
THE  NATIONAL  FIRE  PROTECTION  CODE  1993 
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"This  unpublished  work  is  protected  uncer  the  U.S.  Cooyright  laws  end  the  laws 
of  other  countries  throughout  the  world.  Reproduct’on,  distribution,  etc.,  in  whole 
or  in  part,  withou"  the  excess  consent  of  ONS  Corporation  is  prohibited. 
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Figure  7.  Final  installation  drawings  -  mechanical  piping  and 
instrumentation  diagram. 
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Figure  8.  Final  installation  drawings  -  mechanical  piping  details 
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Figure  10.  Final  installation  drawings  -  site  foundation  plan, 
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4  Fuel  Cell  Performance,  Outage  History 
and  Maintenance  Activities 

4.1  Operating  History 

The  fuel  cell  was  started  up  in  mid-June  1997.  Acceptance  tests  were  done 
between  23-25  June.  (Appendix  A  includes  the  Acceptance  Test  Report.) 
Official  data  recording  for  the  demonstration  began  on  17  July.  The  formal 
acceptance  test  meeting  was  held  on  16  June,  with  title  to  the  fuel  cell 
transferred  to  the  Edwards  AFB  using  Form  DD250.  The  power  plant  con¬ 
tinued  to  operate  until  an  event  on  18  July  1997.  A  total  of  27  power  plant 
shutdowns  were  recorded  between  17  July  1997  and  the  final  shutdown  on 
1  July.  2002.  There  were  16  forced  outages  and  11  non-forced  outages. 

Performance  data  were  collected  via  UTC  Fuel  Cells’  RADAR  data  acquisi¬ 
tion  system.  Using  a  modem  and  telephone  line,  the  power  plant  was 
called  daily  to  retrieve  a  “snapshot”  of  the  current  status.  Included  in  the 
metrics  collected  were  cumulative  totals  for  hot  time,  load  time,  MWHrs, 
input  fuel,  etc.  Thermal  heat  recovery  was  not  monitored.  These  data  re¬ 
cords  were  then  used  to  generate  the  various  performance  parameters  dis¬ 
cussed  in  this  report. 

A  total  of  28,358  operating  load  hours  were  recorded  for  the  Hospital  fuel 
cell.  Of  the  27  separate  operating  periods,  eight  had  continuous  fuel  cell 
operating  hours  of  more  than  1,000  hours.  The  longest  continuous  operat¬ 
ing  period  was  4,507  hours  (~  6  months)  and  occurred  between  21  July 
1999  and  25  January  2000.  Table  4  lists  the  distribution  of  continuous  pe¬ 
riods  of  operation  for  this  fuel  cell. 

Table  4.  Distribution  of  continuous  hours  of  operation. 


Hours  of  Operation 

Occurrences 

Over  3,000  hours 

3 

2,001  -  3,000  hours 

3 

1,001  -  2,000  hours 

2 

751  -  1,000  hours 

1 

501  -  750  hours 

5 

250  -  500  hours 

6 

Less  than  250  hours 

7 

Hours 
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Figure  n  shows  the  hours  of  operation  and  outages  on  a  monthly  basis  for 
the  entire  demonstration  period. 


Month-Year 

□  Oper.  Hours  n  Outage  Hours 


Figure  11.  Fuel  cell  operating  hours  by  month. 

The  fuel  cell  generated  over  5.1  million  kWh  of  electricity  for  the  Hospital 
during  the  demonstration  period.  Average  output  of  the  fuel  cell  during 
operation  was  179  kW  over  the  5+  year  period.  Table  5  lists  data  related  to 
annual  fuel  cell  electrical  operation  during  the  demonstration.  The  average 
output  represents  the  fuel  cell’s  average  rate  of  electrical  generation  while 
the  fuel  cell  was  operating.  The  average  rate  of  generation  through  1999 
was  194  kW,  97.2  percent  of  the  fuel  cell’s  nominally  rated  electrical  output 
of  200  kW.  For  the  period  of  2000  to  the  end  of  the  demonstration,  the 
average  generation  rate  was  164  kW,  82  percent  of  the  fuel  cell’s  nominally 
rated  electrical  output. 


Table  5.  Fuel  cell  electrical  performance  characteristics. 


Year 

Operating  Hours 

Generation  (MWh) 

Average  Generation.  (kW) 

1997 

1,024 

192.8 

188 

1998 

5,630 

1,100.3 

195 

1999 

7,340 

1,426.5 

194 

2000 

7,326 

1,243.7 

170 

2001 

2,823 

447.2 

158 

2002 

4,215 

670.9 

159 

Total/ Avg. 

28,358 

5,081.4 

179 
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The  RADAR  system  did  not  measure  thermal  utilization.  Table  6  lists  the 
input  fuel  data.  The  fuel  cell  consumed  natural  gas  at  an  average  rate  of 
1,744.3  cu  ft/hour  of  operation  or  9.7  cu  ft/kW  during  the  course  of  the 
demonstration. 


Table  6.  Fuel  cell  input  fuel  characteristics. 


Year 

Input  Fuel  (cu  ft) 

Input  Fuel  (cubic  fl/hr) 

1997 

1,200,000 

1,788.4 

1998 

9,811,327 

1,742.7 

1999 

13,824,858 

1,883.5 

2000 

12,845,496 

1,753.4 

2001 

4,713,880 

1,669.8 

2002 

7,068,103 

1,677.1 

Total/Avg. 

49,463,664 

1,744.3 

Table  7  lists  the  fuel  cell  electrical  efficiency  based  on  higher  heating  value 
(HHV)  for  each  year  of  operation.  The  average  electrical  efficiency  over  the 
course  of  the  demonstration  was  34.0  percent  (HHV). 


Table  7.  Fuel  cell  electric  efficiency. 


Year 

Generation  (MWh) 

Input  Fuel  (cu  ft) 

Electrical  Efficiency  (%  -HHV)* 

1997 

192.8 

1,200,000 

34.9 

1998 

1,100.3 

9,811,327 

37.2 

1999 

1,426.5 

13,824,858 

34.2 

2000 

1,243.7 

12,845,496 

32.1 

2001 

447.2 

4,713,880 

31.4 

2002 

670.9 

7,068,103 

31.5 

Total/Avg. 

5,081.4 

49,463,664 

34.0 

^Higher  Heating  Value  (HHV)  is  based  on  a  natural  gas  heating  value  of  1,030  Btu/cubic  foot. 

Efficiency  =([MWhrs  x  1,000,000  Watt-hrs/MWhrs  x  3.413  Btu/Watt]  /  [cu  ft  x  1,030  Btu/cu  ft])  x  100 

4.2  Fuel  Cell  Outage  Summary 


Between  17  July  1997  and  1  July  2002  (43,419  hours),  the  fuel  cell  had  27 
outages  resulting  in  15,061.5  hours  of  down  time.  The  fuel  cell’s  availability 
was  65.3  percent: 

65-3%  =  ([43,419  - 15,061.5]  /  [43,419])  x  100 


Figure  12  shows  the  fuel  cell’s  monthly  availability. 
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Monthly  Fuel  Cell  Availability  -  Edwards  AFB 


Figure  12.  Monthly  fuel  cell  availability. 

The  outages  were  identified  from  the  RADAR  performance  monitoring 
system  data.  Because  data  records  are  collected  on  average  once  per  day, 
outage  times  had  to  occasionally  be  interpolated.  Sometimes  the  modem 
did  not  respond  or  the  phone  line  was  down,  which  prevented  collection  of 
a  full  complement  of  data  records. 

The  longest  outage  was  for  6,193  hours  and  occurred  between  19  January 
and  14  October  2001.  The  next  longest  outage  period  occurred  between  19 
October  1997  and  12  February  1998  (2,556  hours).  Table  8  lists  the  distri¬ 
bution  of  outage  periods  by  hours  of  duration. 

Table  8.  Distribution  of  non-operational  hours  by  duration. 


Outage  Hours 

Occurrences 

Over  3,000  hours 

1 

2,001  -  3,000  hours 

1 

1,001  -  2,000  hours 

1 

751  -  1,000  hours 

1 

501  -  750  hours 

1 

250  -  500  hours 

7 

Less  than  250  hours 

15 

Table  9  lists,  in  chronological  order,  the  start  and  end  dates/times,  the 
outage  duration  hours,  and  the  outage  type  for  the  27  individual  events. 
Appendix  D  has  the  complete  list  of  outage  codes  for  the  PC25C  fuel  cell. 
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Table  9.  Fuel  cell  outage  periods. 


Outage  No. 

Off  Date  Stamp 

On  Date  Stamp 

Total  Outage 

Hours 

Hours  to 

Next  Outage 

Type 

System 

Part 

7/17/97 

09:34 

25.93 

1 

7/18/97 

11:30 

7/31/97 

07:00 

307.50 

630.40 

N 

2 

8/26/97 

13:24 

9/13/97 

16:00 

434.60 

5.00 

N 

3 

9/13/97 

21:00 

9/22/97 

12:58 

207.97 

70.53 

F 

TMS 

4 

9/25/97 

11:30 

10/15/97  18:45 

487.25 

323.97 

F 

TMS 

TCV830 

5 

10/29/97 

06:43 

2/12/98 

18:35 

2,555.87 

269.00 

F 

TMS 

6 

2/23/98 

23:35 

3/11/98 

18:35 

379.00 

56.03 

F 

TMS 

7 

3/14/98 

02:37 

4/21/98 

17:13 

926.60 

91.70 

N 

8 

4/25/98 

12:55 

5/2/98 

14:23 

169.47 

1,344.87 

N 

9 

6/27/98 

15:15 

7/1/98 

15:00 

95.75 

243.57 

F 

WTS 

LT450 

10 

7/11/98 

18:34 

7/13/98 

21:00 

50.43 

881.28 

N 

11 

8/19/98 

14:17 

8/21/98 

11:50 

45.55 

473.75 

F 

0TR 

12 

9/10/98 

05:35 

9/18/98 

15:15 

201.67 

2,264.75 

F 

0TR 

13 

12/22/98 

00:00 

2/16/99 

17:03 

1,361.05 

3,326.38 

F 

FPS 

REF300 

14 

7/5/99 

07:26 

7/6/99 

17:50 

34.40 

96.67 

N 

15 

7/10/99 

18:30 

7/21/99 

12:00 

257.50 

4,507.42 

F 

0TR 

CRL 

16 

1/25/00 

07:25 

2/1/00 

23:00 

183.58 

656.33 

F 

APS 

FCV140 

17 

2/29/00 

07:20 

2/29/00 

16:47 

9.45 

708.72 

N 

18 

3/30/00 

05:30 

3/30/00 

14:30 

9.00 

328.67 

N 

19 

4/13/00 

07:10 

4/27/00 

21:21 

350.18 

636.00 

F 

TMS 

TE431 

20 

5/24/00 

09:21 

5/26/00 

13:00 

51.65 

2,953.67 

N 

21 

9/26/00 

14:40 

10/17/00  21:25 

510.75 

327.05 

F 

WTS 

LT450 

22 

10/31/00 

12:28 

11/1/00 

16:30 

28.03 

259.08 

N 

23 

11/12/00 

11:35 

11/14/00  19:30 

55.92 

520.50 

F 

0TR 

CRL 

24 

12/6/00 

12:00 

12/8/00 

15:30 

51.50 

1,007.25 

F 

NPS 

CV720 

25 

1/19/01 

14:45 

10/4/01 

16:07 

6,193.37 

4,189.30 

N 

26 

3/28/02 

05:25 

4/3/02 

11:48 

150.38 

2,137.20 

F 

OTR 

CRL 

27 

7/1/02 

13:00 

Final  Shutdown 

F 

WTS 

LT450 
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Table  10.  Forced  outage  categories. 


Category 

Description 

APS 

Air  Processing  System 

CVS 

Cabinet  Ventilation  System 

ES 

Electrical  System 

FPS 

Fuel  Processing  System 

NPS 

Nitrogen  Purge  System 

OTR 

Other 

PSS 

Power  Section  System 

TMS 

Thermal  Management  System 

WTS 

Water  Treatment  System 

Table  11.  Forced  outage  statistics. 


Category 

Number  of 
Occurrences 

Total  Outage 
Time 

Min.  Outage 
Time  per 
Occurrences 

Max.  Outage 
Time  per 
Occurrences 

Avg.  Outage  Time 
per  Occurrence 

APS 

1 

183.6 

183.6 

183.6 

183.6 

CVS 

0 

0 

0 

0 

0 

ES 

0 

0 

0 

0 

0 

FPS 

1 

1,361.1 

1,361.1 

1,361.1 

1,361.1 

NPS 

1 

51.5 

51.5 

51.5 

51.5 

OTR 

5 

711.0 

45.6 

257.5 

142.2 

PSS 

0 

0 

0 

0 

0 

TMS 

5 

3,980.3 

208.0 

2,55.99 

796.1 

WTS* 

3 

606.5 

N/A 

510.8 

303.3 

16 

6,893.9 

430.9 

^Includes  the  final  outage  which  has  no  time  associated  it. 

The  fuel  cell  experienced  a  total  of  15,061.5  hours  of  outage  time  consisting 
of  16  forced  outages  (F)  and  11  non-forced  (N)  outages.  Table  10  lists  the 
forced  outages,  broadly  classified  by  the  major  fuel  cell  sub-systems.  Table 
11  lists  the  forced  outages  by  major  system  category,  along  with  statistics 
related  to  frequency  of  occurrence  and  time  duration. 

Most  of  the  forced  outages  were  classified  as  Other  (OTR)  or  Thermal 
Management  System  (TMS).  (Each  had  five  occurrences.)  The  most  fre¬ 
quent  number  of  Other  outages  were  three,  which  were  attributed  to  the 
controller  (CRL)  for  a  total  of  463.8  hours  of  outage.  The  longest  outage  in 
the  TMS  category  was  2,555.87  hours  between  October  1997  and  February 
1998  due  to  a  problem  with  the  sub  stack.  This  occurred  early  on  in  the 
demonstration.  Similar  characteristics  were  also  observed  in  other  fuel 
cells  installed  in  the  southwestern  region  of  the  country,  which  included 
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Camp  Pendleton,  Twentynine  Palms,  Davis-Monthan  AFB,  and  Fort  Hua- 
chuca.  It  was  concluded  that  the  hard  water  characteristics  of  the  water 
supply  was  contributing  to  the  water  conductivity  in  the  fuel  cell.  Hard  wa¬ 
ter  is  water  that  contains  a  high  level  of  dissolved  minerals,  most  notably 
calcium  and  magnesium.  The  degree  of  hardness  increases  with  increased 
levels  of  calcium  and  magnesium.  When  hard  water  is  heated,  the  dis¬ 
solved  minerals  come  out  of  solution  (precipitate)  and  attach  to  plumbing 
and  heat  exchangers.  Water  treatment  systems  were  installed  to  control 
the  water  chemistry  of  these  systems. 

Figure  13  shows  a  graph  of  force  outage  occurrences.  The  cabinet  ventila¬ 
tion  system,  electrical  system,  and  power  section  system  did  not  contribute 
to  any  forced  outages  during  the  demonstration.  An  outage  associated  with 
the  water  treatment  system  was  the  final  outage  in  July  2002,  which  was 
not  resolved. 


Frequency  of  Forced  Outages  by  Major  System  Type 


Major  System  Category 

*  Includes  final  forced  outage  that  was  never  resolved. 

Figure  13.  Forced  outage  occurrences  by  major  system  types. 

Figure  14  shows  the  average  duration  of  forced  outage  hours  by  major  sys¬ 
tem  category.  The  fuel  processing  system  was  associated  with  the  highest 
average  duration  per  outage  (1,361.1  hours).  (Note  that  this  represents  just 
one  outage.)  The  next  highest  average  duration  per  outage  was  associated 
with  the  thermal  management  system,  with  an  average  of  796.1  hours  per 
occurrence  over  a  total  of  five  outages.  The  longest  TMS  outage  was  attrib¬ 
uted  to  problems  with  the  cooling-side  of  the  fuel  cell  stack  and  occurred 
for  2,555.87  hours.  The  shortest  duration  TMS  outage  lasted  for  208  hours 
and  was  attributed  to  a  failure  of  a  steam  ejector. 
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Average  Duration  of  Forced  Outages  by  Major  System  Type 


*  Includes  final  forced  outage  that  was  never  resolved. 

Figure  14.  Average  forced  outage  durations  by  major  system  types. 

The  outages  that  occurred  most  frequently  for  a  specific  fuel  cell  compo¬ 
nent  were  due  to  an  alarm  triggered  by  the  water  level  transmitter 
(LT450).  The  three  outages  associated  with  this  were  for  95.75  hours  in 
June  1998,  510.75  hours  in  September  2000  and  for  final  outage  in  July 
2002. 

These  data  show  that  forced  outages  have  a  significant  impact  on  the 
availability  of  the  fuel  cell.  The  shortest  duration  outage  lasted  for  45.6 
hours.  Five  of  the  outages  had  a  duration  between  1  and  7  days.  There  were 
two  outages  that  had  a  duration  longer  than  30  days,  of  which  one  was 
greater  than  90  days.  Figure  15  shows  the  outages  by  duration,  which 
demonstrates  that  there  is  a  high  risk  of  not  achieving  the  monthly  de¬ 
mand  savings  in  the  economics  for  the  fuel  cell  due  to  forced  outages. 
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Figure  15.  Number  of  forced  outages  by  outage  duration. 


Figure  16  shows  the  distribution  of  forced  outages  by  major  system  catego¬ 
ries.  The  major  system  category  contributing  to  most  of  the  outage  hours 
was  the  thermal  management  system  (57.7  percent).  The  next  highest 
category  was  the  fuel  processing  system  with  19.7  percent  of  the  forced 
outage  time. 

Typical  non-forced  outages  were  due  to  the  natural  gas  supply  being 
turned  off,  site  operator  error,  or  scheduled  maintenance  activities.  The 
longest  non-forced  outage  occurred  between  January  and  October  2001 
for  a  total  of  6,193.37  hours.  This  outage  was  due  to  site  personnel  shutting 
off  the  natural  gas  supply  to  the  fuel  cell  and  opening  the  maintenance  dis¬ 
connect  switch.  This  resulted  in  a  hot  shutdown  of  the  fuel  cell.  UTC  Fuel 
Cells  informed  Edwards  AFB  that  this  event  could  have  a  permanent  nega¬ 
tive  impact  on  the  fuel  cell  performance,  specifically  affecting  the  fuel  cell 
stack.  This  outage  occurred  with  approximately  22,000  stack  load  hours  of 
the  total  28,358  load  hours  for  the  fuel  cell.  Fuel  cell  electric  efficiency  as 
shown  in  Figure  17  shows  a  variation  in  efficiency  occurring  around 
22,000  hours,  but  not  a  significant  step  change  in  the  performance  of  the 
fuel  cell  after  the  time  of  the  event. 

4.3  Fuel  Cell  Stack  Degradation 

The  trend  of  the  fuel  cell  electrical  efficiency  based  on  the  lower  heating 
value  of  natural  gas  was  analyzed  based  on  the  hours  of  fuel  cell  operation. 
The  data  were  acquired  through  the  UTC  Fuel  Cells’  RADAR  system.  Data 
records  are  for  fuel  cell  operation  when  the  electrical  output  was  greater 
than  50  kW  to  eliminate  data  from  fuel  cell  testing  and  startup  operation. 
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Forced  Outages  by  Major  Equipment  Category 


CVS  =  0.0  hours 
0.0% 

APS  =  183.6  hours 
2.7% 

WTS  =  606.5  hours 
8.8% 

ES  =  0.0  hours 
0.0% 


FPS  =  1,361.1  hours 
19.7% 


TMS  =  3,980.3  hours 
57.7% 


NPS  =  51.5  hours 
0.7% 

OTR  =  711.0  hours 
10.3% 

PSS*  =  0.0  hours 
0.0% 


Total  Hours  of  Forced  Outages  =  6,893.9  hours 


Figure  16.  Total  forced  outage  hours  by  major  system  types. 


Edwards  AFB 

Trending  of  Electrical  Efficiency  with  Hours  of  Operation 


♦  Efficiency  (Fuel  Cell  Data)  Efficiency  (Model) 


Figure  17.  Fuel  cell  stack  electrical  efficiency  degradation  over  time. 


Note  that  the  data  records  were  not  recorded  on  regular  intervals  and 
1,435  data  points  were  used  for  this  analysis.  The  individual  data  points 
are  plotted  with  hours  of  operation  in  an  X-Y  plot  (Figure  17).  The  average 
electrical  efficiency  for  the  data  is  37.2  percent. 

A  linear  regression  was  conducted  on  the  data  to  characterize  average  effi¬ 
ciency  trends  for  the  fuel  cell.  The  regression  equation  is: 

Electric  Efficiency  %  (LHV)  =  ([Load  Hours]  x  [-3.03424  x  10  4])  +  41.28840  Eq  1 
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The  linear  curve  fit  shows  that  the  trend  is  a  reduction  in  electrical  effi¬ 
ciency  with  increasing  hours  of  operation.  Table  12  lists  the  resulting  effi¬ 
ciencies  at  5,000  load  hour  intervals. 

Table  12.  Trend  of  electrical  efficiency  with  fuel  cell  load  hours. 


Load  Hours 

Electrical  Efficiency  (%) 

0 

41.3% 

5,000 

39.8% 

10,000 

38.3% 

15,000 

36.7% 

20,000 

35.2% 

25,000 

33.7% 

The  data  in  Table  12  show  that  the  fuel  cell  electrical  efficiency  decreased 
1.5  basis  points  for  every  10,000  hours  of  operation.  The  regression  shows 
that  the  average  initial  electrical  efficiency  of  the  fuel  cell  was  approxi¬ 
mately  41.3  percent  and  that  it  decreased  at  a  rate  of  approximately  7.9 
percent  per  10,000  hours  of  operation.  For  example,  the  average  decrease 
between  10,000  hours  (38.3  percent)  and  20,000  hours  (35.2  percent)  is: 

7-9 %  =  ([38.3%  -  35-2%]  /  38.3%). 


The  R  Square  statistic  for  the  above  regression  is  0.22.  This  means  that  22 
percent  of  the  variation  seen  in  the  trend  of  electrical  efficiency  can  be  at¬ 
tributed  to  load  hours.  Thus  other  factors  in  the  system  are  significantly 
affecting  the  changes  observed  in  electrical  efficiency.  The  efficiency  data 
(as  shown  in  Figure  9)  indicate  sub-trends  in  electrical  efficiency  within 
the  life  of  the  fuel  cell’s  operation.  Figure  10  shows  the  outages  and  identi¬ 
fication  of  major  system  changes.  Each  of  the  27  outages  is  represented  as 
a  circle  on  the  45  percent  efficiency  line.  The  figure  identifies  regions  of 
operational  trends  that  are  attributed  to  a  major  change  to  the  system  or 
lack  of  data.  The  number  identifier  presented  for  the  change  corresponds 
to  the  outage  number  listed  in  Table  8.  The  most  significant  changes  were 
the  installation  of  a  new  cell  stack  and  the  installation  of  an  external  re¬ 
verse  osmosis  (RO)  water  treatment  system  (#5),  and  the  installation  of  a 
new  reformer  (#13).  For  a  period  of  approximately  4,000  load  hours,  the 
natural  gas  meter  failed  which  resulted  in  the  inability  to  determine  the 
efficiency  during  this  period. 

The  five  operational  regions  shown  in  Figure  18  were  analyzed  to  deter¬ 
mine  the  electrical  efficiency  trend  by  major  system  change.  The  trend  in 
efficiency  for  each  region  was  determined  by  a  linear  regression  and  the 
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slope  is  reported  in  terms  of  percent  change  per  10,000  hours  of  opera¬ 
tion.  Note  that  the  unit  of  percent  change  per  10,000  is  presented  for  con¬ 
sistency  and  only  one  of  the  regions  evaluated  (E)  consists  of  10,000  hours 
of  data.  Table  13  lists  the  dates,  fuel  cell  load  hours,  system  changes  and 
electric  efficiency  trends  for  each  of  the  time  frames.  For  the  regions  ana¬ 
lyzed,  the  R  Square  statistic  is  less  than  the  0.22  for  the  entire  data  set 
(B=0.05,  C=0.02  and  E=0.02).  This  indicates  that  the  major  system 
changes  identified  did  not  have  a  significant  impact  on  the  fuel  cell  per¬ 
formance  and  that  this  approach  does  not  improve  on  the  original  effi¬ 
ciency  trend  model. 
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Figure  18.  Electric  efficiency  trends  with  major  system  changes. 


Table  13.  Major  system  changes  and  electrical  efficiency  trends. 


Range 

Date 

Fuel  Cell  Load  Hours 
at  End  of  Period 

Change  to  System 
at  Start  of  Period 

Slope 

(%/ 10000  hrs) 

A 

7/17/97  -  2/12/98 

1,769 

Initial  system 

-41.8% 

B 

1/12/98  -  2/16/99 

7,407 

Install  new  reformer 

-15.0% 

c 

2/16/99  -  12/31/99 

14,747 

Install  new  cell  stack  and 
Install  RO  water  treat¬ 
ment 

-4.9% 

D 

12/31/99  -  6/29/00 

18,168 

Gas  meter  failure 

No  data 

E 

6/29/00  -  7/1/02 

29,055 

Gas  meter  repaired 

-3.1% 
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Figure  19.  Fuel  cell  stack  cell  voltage  degradation  over  time. 


The  trend  of  the  fuel  cell  stack  cell  voltage  based  on  the  lower  heating 
value  of  natural  gas  was  analyzed  based  on  the  hours  of  fuel  cell  operation. 
The  data  are  based  on  the  same  readings  acquired  through  the  UTC  Fuel 
Cells  RADAR  system  as  the  electrical  efficiency  data  in  the  previous  sec¬ 
tion.  The  individual  data  points  are  plotted  with  hours  of  operation  in  an 
X-Y  plot.  Figure  19  shows  that  the  data  fall  into  the  typical  operating  range 
of  0.55  to  0.70  volts.  The  average  cell  voltage  for  the  data  is  0.623  volts.  A 
linear  regression  was  conducted  on  the  data  to  characterize  average  cell 
voltage  trends  for  the  fuel  cell.  The  resulting  equation  is: 

Cell  volts  =  ([Load  Hours]  x  [-1.7694  x  10-6])  +  0.645519  Eq  2 


The  regression  shows  a  reduction  in  cell  voltage  with  increased  hours  of 
operation.  Table  14  lists  the  resulting  cell  voltages  at  5,000  load  hour  in¬ 
tervals. 


Table  14.  Trend  of  cell  voltage  with  fuel  cell  load  hours. 


Load  Hours 

Cell  Voltage  (%) 

0 

0.646 

5,000 

0.637 

10,000 

0.628 

15,000 

0.619 

20,000 

0.610 

25,000 

0.601 

The  linear  curve  fit  shows  that  the  average  initial  cell  voltage  was  ap¬ 
proximately  0.646  volts  and  that  it  generally  decreased  at  a  rate  of  2.8  per- 
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cent  per  10,000  hours  of  operation.  For  example,  the  average  decrease  be¬ 
tween  10,000  hours  (0.628)  and  20,000  hours  (0.610)  is: 

2.8%  =  ([0.628  -  0.610]  /  0.628) 

This  is  equal  to  a  cell  voltage  reduction  rate  of  0.018  volts  per  10,000 
hours  of  operation.  The  R  Square  statistic  for  the  above  regression  is  0.61. 
This  means  that  61  percent  of  the  variation  seen  in  the  trend  of  cell  voltage 
can  be  attributed  to  load  hours.  Thus,  other  factors  in  the  system  are  af¬ 
fecting  the  changes  observed  in  cell  voltage.  The  cell  voltage  data  shown  in 
Figure  11  indicate  sub-trends  in  cell  voltage  during  the  life  of  the  fuel  cell’s 
operation.  Since  the  cell  voltage  is  affected  by  the  electrical  output  of  the 
fuel  cell,  an  additional  analysis  was  conducted.  The  data  were  sorted  by  the 
fuel  cell  electrical  output  for  the  most  frequent  operating  levels  of  200  kW, 
175  kW,  and  150  kW.  Then  a  linear  regression  was  conducted  for  load 
hours  greater  than  5,000  hours  (i.e.,  for  the  fuel  cell  after  the  stack  was 
replaced).  Table  15  lists  the  results  of  the  analysis. 


Table  15.  Cell  voltage  analysis  by  electrical  output. 


Fuel  Cell  Output 

200  kW 

175  kW 

150  kW 

Data  points 

950 

256 

110 

R  Square  statistic 

0.54 

0.95 

0.42 

Slope  (%/10,000  hrs) 

-3.41% 

-5.44% 

-2.67% 

The  analysis  shows  that  the  curve  fit  was  very  good  for  the  175  kW  regres¬ 
sion  with  an  R  Squared  value  of  0.95.  This  indicates  that  95  percent  of  the 
decrease  in  cell  voltage  can  be  attributed  to  load  hours  for  this  data  set. 
The  200  kW  and  150  kW  regressions  have  R  Squared  values  that  are  lower 
than  the  original  regression  model,  indicating  that  this  approach  does  not 
improve  the  model  for  these  two  data  sets.  The  slopes  of  the  lines  for  the 
three  power  levels  range  from  -2.67  percent  to  -5.44  percent  per  10,000 
load  hours.  Figure  20  shows  the  regression  lines  of  the  analysis  for  each 
data  set  projected  over  the  entire  fuel  cell  operating  range. 

While  the  efficiency  remains  relatively  constant  along  the  various  fuel  cell 
power  levels,  power  plant  cell  voltages  tend  to  increase  at  lower  electrical 
output  levels.  This  is  most  evident  for  fuel  cell  operation  between  10,000 
and  20,000  load  hours.  There  is  no  data  to  indicate  why  the  slope  of  the 
data  varies  at  the  different  power  levels. 
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Cell  Voltage  Trends  by  Electric  Output 


— ■—  200  kW  —a—  175  kW  150  kW 


Figure  20.  Cell  voltage  trends  by  electrical  output. 

4.4  Fuel  Cell  Maintenance  Activities 

UTC  Fuel  Cells  had  overall  responsibility  for  maintenance  on  the  fuel  cell 
during  the  5-year  demonstration  period.  GBC  Electrical  Services,  as  the 
maintenance  contractor,  performed  most  maintenance  activities  under  the 
guidance  of  UTC  Fuel  Cells.  Invoices  from  GBC  Electrical  Services  were 
obtained  to  assess  maintenance  activity  levels.  Table  16  lists  the  number  of 
maintenance  days  at  the  site  and  total  labor  hours  by  year.  No  mainte¬ 
nance  records  were  available  for  2002. 


Table  16.  Maintenance  days  and  labor  hours  by  year. 


Year 

Days  at  Site 

Labor  Hours 

1997 

39 

323 

1998 

42 

344 

1999 

21 

193 

2000 

29 

222 

2001 

9 

30 

Total 

140 

1,112 

Tables  17  through  21  present  the  date,  labor  hours,  and  a  brief  description 
of  the  maintenance  activities  that  were  billed  between  the  years  1997  and 
2001.  Appendix  E  includes  detailed  cost  and  maintenance  summary  in¬ 
formation. 
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Table  17.  Maintenance  activities  in  1997. 


1997 

Labor  Hrs 

Description  of  Activity 

10-Jun 

10.0 

Worked  with  UTC  Fuel  Cells  at  site. 

11-Jun 

9.0 

Worked  with  UTC  Fuel  Cells  at  site. 

12-Jun 

11.5 

Worked  with  UTC  Fuel  Cells  at  site. 

13-Jun 

2.5 

Worked  with  UTC  Fuel  Cells  at  site. 

16-Jun 

8.0 

Worked  with  UTC  Fuel  Cells  at  site. 

17-Jun 

10.0 

Worked  with  UTC  Fuel  Cells  at  site. 

18-Jun 

10.0 

Worked  with  UTC  Fuel  Cells  at  site. 

19-Jun 

8.0 

Worked  with  UTC  Fuel  Cells  at  site. 

20-Jun 

3.0 

Worked  with  UTC  Fuel  Cells  at  site. 

23-Jul 

8.0 

Worked  with  UTC  Fuel  Cells  at  site. 

24-Jul 

5.0 

Worked  with  UTC  Fuel  Cells  at  site. 

25-Jul 

6.0 

Worked  with  UTC  Fuel  Cells  at  site. 

27-Aug 

9.0 

Changed  nitrogen  bottles. 

5-Sep 

6.0 

Changed  out  resin  bottles. 

8-Sep 

2.0 

Changed  nitrogen  bottles. 

9-Sep 

0.0 

Travel 

20-Sep 

13.0 

Changed  ejector  assembly. 

22-Sep 

7.5 

Restarted  power  plant. 

26-Sep 

3.5 

Troubleshot  ancillary  cooling  loop. 

29-Sep 

9.5 

Replaced  TVC830. 

30-Sep 

9.5 

Started  power  plant. 

6-Oct 

16.0 

Installed  new  controller.  Restarted  power  plant  and  installed  retrofits. 

13-0  ct 

1.0 

Worked  with  UTC  Fuel  Cells  at  site. 

14-0  ct 

7.5 

Worked  with  UTC  Fuel  Cells  at  site. 

15-0ct 

12.5 

Worked  with  UTC  Fuel  Cells  at  site. 

16-0ct 

12.5 

Worked  with  UTC  Fuel  Cells  at  site. 

27-0ct 

3.0 

Worked  with  UTC  Fuel  Cells  at  site. 

28-0ct 

9.0 

Worked  with  UTC  Fuel  Cells  at  site. 

29-0ct 

8.5 

Worked  with  UTC  Fuel  Cells  at  site. 

7-Nov 

9.0 

Worked  with  UTC  Fuel  Cells  at  site. 

8-Nov 

2.5 

Worked  with  UTC  Fuel  Cells  at  site. 

11-Nov 

6.0 

Worked  with  UTC  Fuel  Cells  at  site  to  go  over  wet-up  procedure. 

13-Nov 

2.0 

Worked  with  UTC  Fuel  Cells  at  site. 

14- Nov 

9.5 

Started  wet-up  process. 

17-Nov 

9.5 

Started  wet-up  process. 

18-Nov 

12.0 

Started  wet-up  process. 

19-Nov 

7.0 

Started  wet-up  process. 

7-Dec 

12.5 

Prepared  cell  stack  assembly  for  removal. 

8-Dec 

32.0 

Removed  and  shipped  cell  stack  assembly. 

ERDC/CERL  TR-06-19 


42 


Table  18.  Maintenance  activities  in  1998. 


1998 

Labor  Hrs 

Description  of  Activity 

10-Jan 

22.0 

Worked  with  UTC  Fuel  Cells  on  retrofits 

12-Jan 

7.5 

Worked  with  UTC  Fuel  Cells  on  retrofits 

13-Jan 

5.0 

Worked  with  UTC  Fuel  Cells  on  retrofits 

2-Feb 

4.0 

Installed  new  strainer. 

4-Feb 

24.0 

Installed  new  cell  stack  assembly. 

5-Feb 

9.0 

Worked  with  UTC  Fuel  Cells  at  site. 

10-Feb 

3.5 

Worked  with  UTC  Fuel  Cells  to  trouble  shoot  short  in  inverter. 

11-Feb 

9.0 

Troubleshot,  disassembled  and  re-assembled  inverter. 

12-Feb 

2.0 

Started  power  plant. 

22-Feb 

6.5 

Worked  with  UTC  Fuel  Cells  personnel  on  phone.  Restarted  power  plant. 

24-Feb 

6.0 

Checked  ejector  and  FCV012  for  proper  movement.  Started  power  plant. 

5-Mar 

3.0 

Took  measurements  on  old  inverter  drawer. 

6-Mar 

8.0 

Removed  and  replaced  inverter  drawer  No.  3  and  attempted  to  start  power  plant. 

11-Mar 

6.0 

Removed  and  replaced  FCV110  and  restarted  power  plant. 

7-Apr 

15.0 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

8-Apr 

17.0 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

9-Apr 

5.5 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

13-Apr 

18.0 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

14-Apr 

23.0 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

15-Apr 

20.0 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

16-Apr 

27.0 

Worked  on  high  grade  heat  exchanger  skid  retrofit. 

17-Apr 

5.5 

Troubleshot  and  repaired  short  in  power  conditioning  system. 

20-Apr 

2.0 

Replaced  pop  out  fuse  for  UPS. 

21-Apr 

8.0 

Started  power  plant. 

28-Apr 

3.0 

Worked  with  UTC  Fuel  Cells  at  site. 

29-Apr 

6.5 

Worked  with  UTC  Fuel  Cells  at  site. 

30-Apr 

6.5 

Worked  with  UTC  Fuel  Cells  at  site. 

30-Apr 

1.0 

Travel 

18-Jun 

3.0 

Tested  water,  burner  air  and  cathode  air.  Completed  new  checklist. 

30-Jun 

6.0 

Plugged  reverse  osmosis  unit  back  in.  Replaced  fuse  in  cooling  towers. 

1-Jul 

5.0 

Restarted  power  plant. 

8-Jul 

3.5 

Took  amp  readings  on  cooling  tower. 

13-Jul 

4.5 

Took  override  off  LCV452.  Changed  nitrogen  bottles.  Started  power  plant. 

10-Sep 

4.0 

Tested  fuses  in  the  cooling  tower. 

11-Sep 

5.0 

Troubleshot  tripped  breaker  No.  33. 

12-Sep 

5.0 

Put  in  new  Ground  Fault  Interrupter  (GFI)  and  new  breaker.  Breaker  still  tripped. 

17-Sep 

6.5 

Tested  circuit  breaker  No.  33. 

18-Sep 

8.5 

Installed  six  temperature  testers.  Started  fuel  cell  and  left  running  at  200  kW. 
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1998 

Labor  Hrs 

Description  of  Activity 

12-Oct 

5.0 

Changed  resin  and  charcoal  bottles. 

11-Dec 

6.0 

Recorded  water  treatment  system  and  pump  400  data.  Cleaned  filters  100  &  150. 

22-Dec 

5.5 

Took  stack  voltage  readings.  Fixed  leak  on  water  bottles.  Removed  humidity  sensor. 
Checked  pump  451  on/off  times.  Checked  R/0  unit  power  on. 

28-Dec 

3.0 

Tested  TE's  on  reformer. 

Table  19.  Maintenance  activities  in  1999. 


1999 

Labor  Hrs 

Description  of  Activity 

8-Jan 

2.0 

Reset  lockout  relay.  Filled  accumulator.  Filled  tank  450  to  30  in..  Left  power  plant  in 
P30-S30. 

12-Jan 

24.0 

Prepared  reformer  for  removal. 

13-Jan 

10.0 

Completed  reformer  preparations. 

24-Jan 

2.0 

Started  taking  doors  and  frame  apart. 

26-Jan 

12.0 

Removed  old  reformer  and  put  in  new  reformer. 

28-Jan 

5.0 

Began  quarterly  maintenance  on  power  plant. 

1-Feb 

16.0 

Started  annual  maintenance.  Set  up  for  welders. 

2-Feb 

16.0 

Continued  with  annual  service.  Assisted/supervised  welders.  Installed  retrofit. 

3-Feb 

16.0 

Insulated  reformer  piping.  Continued  annual  service. 

4-Feb 

13.0 

Completed  piping  insulation  and  annual  maintenance  activities.  Did  hydro  test. 

9-Feb 

10.0 

Conducted  hydro  test  on  ancillary  loop. 

10-Feb 

6.0 

Completed  site  cleanup,  seals  on  door  and  changed  fans. 

15-Feb 

4.0 

Worked  with  UTC  Fuel  Cells  in  troubleshooting  ejector. 

16-Feb 

10.5 

Installed  ejector.  Started  power  plant  while  doing  reduction  on  reformer. 

17-Feb 

8.0 

Conducted  gas  analysis  and  brought  power  plant  up  to  200  kW. 

15-Apr 

3.0 

Built  rack  for  nitrogen  bottles. 

6-Jul 

6.0 

Changed  nitrogen  bottles  and  tested  all  three  legs  of  electricity  coming  into  P/T.  Started 
power  plant. 

12-Jul 

4.0 

Updated  controller  software  to  4.1  and  attempted  to  start  power  plant. 

20-jui 

8.0 

Started  power  plant.  Updated  software  on  Base's  laptop  computer  and  explained  to  site 
coordinator. 

21-Jul 

8.0 

Traveled  to  site  to  retrieve  data. 

l-Sep 

10.0 

Changed  out  water  treatment  system  bottles. 

Table  20.  Maintenance  activities  in  2000. 


2000 

Labor  Hrs 

Description  of  Activity 

l-Jan 

11.0 

Changed  brake  on  FT140  and  I/O  modules  for  FT140. 

3-Feb 

2.5 

Flushed  charcoal  bottle  out  and  troubleshot  pump  450. 

29-Feb 

8.0 

Replaced  pump  451  &  fan  800  motor.  Started  power  plant,  left  running  at  150  kW. 

30-Mar 

8.0 

Replaced  Multi  Source  Discovery  Protocol  (MSDP)  card  &  microchips  for  another 

MSDP  card. 

18-Apr 

6.0 

Changed  out  electronic  card  underneath  inverter  and  boost  cards  on  white  panel.  Re¬ 
moved  #3  motor  from  cooling  tower. 
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2000 

Labor  Hrs 

Description  of  Activity 

20-Apr 

11.0 

Removed  #2  and  #1  fan  blades  and  motors  from  cooling  tower.  Replaced  relay  card. 

26-Apr 

6.0 

Installed  new  motors  and  fan  blades  back  into  cooling  tower. 

27-Apr 

6.0 

Replaced  relay  card  again  with  correct  relay  card.  Started  power  plant  and  left  running 
at  125  kW. 

10-May 

3.0 

Changed  master  Digital  Signal  Processing  (DSP)  card  and  restarted  power  plant. 

12-May 

4.0 

Changed  slave  DSP  and  CB  rating  module.  Restarted  power  plant. 

3-Jul 

3.0 

Back  flushed  charcoal  bottle. 

21-Sep 

4.0 

Troubleshot  long  feed  water  cycle  and  tried  to  repair  leak. 

28-Sep 

6.0 

Tri-annual  maintenance. 

29-Sep 

5.0 

Tri-annual  maintenance. 

2-Oct 

18.0 

Tri-annual  cleaning. 

3-0ct 

20.0 

Tri-annual  cleaning. 

4-0ct 

16.0 

Tri-annual  cleaning. 

5-Oct 

14.0 

Tri-annual  cleaning. 

6-0ct 

8.0 

Cleaned  condenser  and  attempted  to  start  power  plant. 

11-Oct 

7.0 

Replaced  air  conditioner. 

12-Oct 

10.0 

Rewired  air  conditioner.  Attempted  to  start  power  plant. 

16-0ct 

6.0 

Attempted  to  start  power  plant. 

17-Oct 

10.0 

Troubleshot  failed  attempted  to  start  power  plant.  Purchased  UPS  battery. 

18-0ct 

4.0 

Installed  UPS  battery.  Started  power  plant. 

23-0ct 

4.0 

Tuned  up  power  plant. 

24-0ct 

2.0 

Changed  brake. 

1-Nov 

6.5 

Troubleshot  process  flame  off  and  restarted  power  plant. 

14- Nov 

6.0 

Installed  new  controller  and  started  power  plant.  Left  running  at  175  kW. 

8-Dec 

7.0 

Restarted  power  plant  and  took  sub  stack  readings. 

Table  21.  Maintenance  activities  in  2001. 


2001 

Labor  Hrs 

Description  of  Activity 

23-Jan 

1.0 

Turned  power  on  and  put  power  plant  in  water  conditioning. 

5-Mar 

5.0 

Checked  thermal  management  system  and  water  treatment  system  for  leaks.  Preformed 
pressure  test  on  TMS  loop. 

6-Jun 

1.0 

Checked  on  modem  -  no  communication. 

8-Jun 

2.0 

Applied  power  to  power  plant.  Extended  TE350  to  CSA.  Cleaned  heaters  310A  &  310B. 

16-Jul 

2.0 

Reset  motor  controllers  for  pumps  400,  450  and  830.  Put  power  plant  back  in  water 
conditioning.  Rewired  TE350. 

4-0ct 

7.0 

Checked  and  started  power  plant. 

5-Oct 

7.0 

Changed  WTS  bottles.  Tuned  power  plant  at  all  power  levels,  checked  heat  recovery  sys¬ 
tem. 

9-0ct 

4.0 

Rebuilt  circulating  pump  for  heat  recovery  system.  Reset  parameters  for  heat  recovery 
system. 

15-Nov 

1.0 

Removed  and  replaced  TCV400. 
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4.5  Fuel  Cell  Retrofits 

As  part  of  the  fuel  cell  demonstration  and  overall  fuel  cell  development, 
UTC  Fuel  Cells  refined  the  fuel  cell  design  based  on  operational  experience 
gained  through  the  operation  of  the  fleet  of  fuel  cells.  These  improvements 
and  modifications  were  classified  as  retrofits.  Once  a  retrofit  was  devel¬ 
oped,  it  would  be  incorporated  into  the  production  of  new  fuel  cells  or  ret¬ 
rofit  in  the  field  for  installed  fuel  cells.  The  details  of  the  retrofits  are  con¬ 
sidered  proprietary  information  by  UTC  Fuel  Cells  and  are  not  available 
for  this  report.  The  data  in  Tables  17  through  21  indicate  that  five  retrofits 
(Table  22)  were  added  to  the  fuel  cell  in  the  field. 


Table  22.  Summary  of  fuel  cell  retrofits. 


Date  of  Retrofit 

Retrofit  Description 

Oct.  1997 

Install  new  controller  and  software 

Jan.  1998 

Upgrade  base  drive  in  inverter 

Jan.  1998 

Install  strainer  and  filter  in  TMS 

Apr.  1998 

Replace  high  grade  heat  exchangers  (redesign) 

Feb.  1999 

Replace  breakers  with  higher  grade  version 

Fuel  Cell  Operation  and  Outage  Summary 

Figure  12  shows  the  operational  and  outage  periods  for  each  hour  within 
the  62  months  that  the  fuel  cell  was  active  (June  1997  to  July  2002).  The 
outage  times  are  highlighted  in  gray  along  with  a  listing  of  the  outage 
number,  duration  in  hours  and  minutes,  and  a  brief  description  of  the 
shutdown.  Days  where  on-site  maintenance  was  performed  is  shown 
graphically  by  an  8  hour  box.  GBC  Electrical  Services,  the  maintenance 
contractor,  provided  maintenance  activity  records. 
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5  Fuel  Cell  Economics 

5.1  Hospital  Energy  Costs 

The  Base  purchases  electricity  from  Southern  California  Edison  (SCE)  un¬ 
der  a  time  of  use  rate  schedule,  TOU-8.  This  rate  has  summer  and  winter 
seasons  consisting  of  on-peak,  mid-peak  and  off-peak  time  periods  with 
associated  demand  and  energy  charges.  The  Base  also  purchases  electricity 
from  the  Western  Area  Power  Administration  (WAP A)  for  a  percentage  of 
its  total  electricity  requirements.  Because  the  WAPA  portion  of  the  elec¬ 
tricity  was  assumed  to  be  significantly  smaller  than  the  SCE  portion  as  dis¬ 
cussed  in  ERDC/CERL  TR-01-60,  the  focus  of  the  economics  will  be  based 
on  the  SCE  TOU-8  rates.  This  rate  has  a  summer  and  winter  season  con¬ 
sisting  of  on-peak,  mid-peak,  and  off-peak  time  periods.  Table  23  summa¬ 
rizes  the  structure  of  the  TOU-8  tariff. 


Table  23.  SCE  TOU-8  rate  structure. 


Summer 

Winter 

Months 

June  -  September 

October  -  May 

On  Peak  Period 

Noon  -  6:00  pm 

None 

Mid-Peak  Period 

8:00  am  -  Noon 

6:00  pm  -  11:00  pm 

8:00  am  -  9:00  pm 

Off-Peak  Period 

All  other  hours  and  holidays 

All  other  hours  and  holidays 

Charges 

Facility  Charge  ($/meter) 

Energy  Charge  ($/kWh) 

Facility  Related  Demand  Charge  ($/kW) 
Time  Related  Demand  Charge  ($/kW) 
Excess  Transformer  Capacity  ($/kVA) 
Power  Factor  Adjustment  ($/kVA) 

Facility  Charge  ($/meter) 

Energy  Charge  ($/kWh) 

Demand  Charge  ($/kW) 

Excess  Transformer  Capacity  ($/kVA) 
Power  Factor  Adjustment  ($/kVA) 

The  Base  purchases  the  natural  gas  commodity  from  the  Defense  Fuel 
Supply  Center  (DFSC)  and  the  natural  gas  transportation  is  provided  by 
the  Pacific  Gas  and  Electric  Company  (PG&E). 

The  Base  did  not  provide  Base-wide  or  Hospital  energy  usage  or  cost  in¬ 
formation  for  the  fuel  cell  demonstration  time  period.  To  estimate  the  fuel 
cell  economics,  the  average  electric  and  natural  gas  rates  used  from  an¬ 
other  customer  involved  in  the  DoD  Fuel  Cell  Demonstration  Program 
(Twentynine  Palms,  CA)  were  used  to  approximate  cost  savings.  Both  fa¬ 
cilities  purchase  electricity  from  SCE  under  the  same  rate  schedule,  but 
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purchase  natural  gas  through  different  suppliers.  Table  24  lists  the  annual 
average  electric  and  natural  costs  used  for  the  fuel  cell  economics  analysis. 


Table  24.  Annual  electric  and  natural  gas  costs. 


Average  Energy  Costs 

1997 

1998 

1999 

2000 

2001 

2002 

Electricity  ($/kWh) 

$0.1040 

$0.1017 

$0.1017 

$0.1017 

$0.1500 

$0.1500 

Natural  Gas  ($/therm) 

$0.5800 

$0.4080 

$0.4080 

$0.4810 

$0.9500 

$0.7000 

Note  that  electric  and  natural  gas  costs  were  extremely  volatile  and  high 
during  the  years  of  2001  and  2002  when  California  was  experiencing  the 
energy  crisis  brought  on  by  deregulation. 

5.2  Fuel  Cell  Maintenance  Costs 

Table  25  lists  maintenance  costs  from  GBC  Electrical  Services  between 
1997  through  the  end  of  the  2001.  Although  the  fuel  cell  was  restarted  once 
in  2002,  invoices  for  that  service  call  and  others  were  not  available  for  this 
report. 


Table  25.  Summary  of  fuel  cell  maintenance  costs. 


Category 

1997 

1998 

1999 

2000 

2001 

Totals 

Labor  Hours 

323 

342 

193.5 

218 

30 

1,107 

Labor  Costs 

$16,788 

$18,025 

$9,970 

$12,208 

$2,020 

$59,010 

Nitrogen  Costs 

$2,072 

$2,128 

$836 

$885 

$135 

$6,057 

Charcoal  (cu  ft) 

0 

2 

2 

2 

2 

8 

Charcoal  Costs 

$0 

$186 

$206 

$186 

$186 

$764 

Resin  (cu  ft) 

24 

8 

9 

8 

8 

57 

Resin  Costs 

$6,490 

$1,808 

$2,420 

$2,160 

$2,240 

$15,118 

Other  Costs 

$9,512 

$6,217 

$4,752 

$2,079 

$1,721 

$24,282 

Travel  Costs 

$6,413 

$8,238 

$4,868 

$9,141 

$3,934 

$32,594 

Shipping  Costs 

$309 

$205 

$25 

$23 

$0 

$562 

Totals 

$41,583 

$36,808 

$23,077 

$26,682 

$10,237 

$138,386 

Note:.  Maintenance  data  was  not  available  for  2002. 

The  cost  of  maintenance  over  the  entire  operating  period  is  estimated  at 
$138,386.  Again,  the  maintenance  costs  for  2002  are  not  included  as  the 
information  was  not  available.  These  costs  correspond  to  an  average  main¬ 
tenance  cost  of  $27,677/year  or  2.72  cents/kWh  ($138,386/  5,081,500 
kWh)  for  all  the  electricity  supplied  to  the  Hospital.  Note  that  the  mainte¬ 
nance  costs  presented  do  not  include  the  cost  of  any  parts  or  labor  pro¬ 
vided  by  UTC  Fuel  Cells  to  repair  or  modify  the  fuel  cell. 
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Figure  21  shows  that  labor  was  the  highest  cost  category  at  $59,010,  repre¬ 
senting  42.6  percent  of  total  maintenance  costs.  Labor  hours  averaged  221 
man-hours  per  calendar  year.  The  highest  number  of  man-hours  in  a  cal¬ 
endar  year  was  342  in  1998.  Nitrogen  costs  totaled  $6,057  and  represents 
only  4.4  percent  of  the  total  maintenance  costs.  Spread  across  the  27  out¬ 
ages  that  occurred,  the  average  cost  of  nitrogen  was  $224  per  outage. 
While  charcoal  used  in  the  water  treatment  system  was  a  relatively  minor 
cost  (~$  150/year),  resin  was  a  moderate  program  cost  totaling  approxi¬ 
mately  $15,000  or  10.9  percent  of  the  maintenance  costs.  Resin  costs  were 
$533  Per  1000  operating  hours.  The  second  highest  cost  category  behind 
labor  was  travel  costs,  at  23.6  percent.  Appendix  E  presents  maintenance 
costs  by  invoice  date. 


Summary  of  Maintenance  by  Category 


Shipping  Costs 

-r  .  *  0.4% 

Travel  Costs 


Charcoal  Costs 
0.6% 


Figure  21.  Summary  of  maintenance  costs  by  category 

Figure  22  presents  the  trend  in  annual  maintenance  costs  for  the  fuel  cell. 
Note  that  the  costs  for  1997  are  for  less  than  6  months  of  the  demonstra¬ 
tion  as  the  fuel  cell  data  collection  started  on  17  July  1997.  The  fuel  cell 
concluded  operation  on  1  July  2002.  The  high  costs  on  1997  and  1998  are 
attributed  to  the  hard  water  problems  which  resulted  in  the  replacement  of 
the  cell  stack  and  the  installation  of  an  external  water  treatment  system. 

Fuel  cell  maintenance  costs  for  the  5-year  demonstration  period  were  in¬ 
cluded  in  the  original  purchase  contract  with  the  fuel  cell  manufacturer. 
First  year  maintenance  costs  were  included  in  the  original  fuel  cell  pur¬ 
chase  price.  The  final  4  years  of  contract  maintenance  paid  by 
ERDC/CERL  was  $98,223,  at  an  average  of  $24,556  per  year. 
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Edwards  Air  Force  Base  Fuel  Cell 
Annual  Maintenance  Costs 


Calendar  Year 


Figure  22.  Annual  trend  in  fuel  cell  maintenance  costs. 

5.3  Fuel  Cell  Energy  Savings 

Energy  savings  from  the  fuel  cell  were  calculated  based  the  annual  per¬ 
formance  data  collected  through  the  UTC  Fuel  Cells  RADAR  system  and 
the  assumed  electric  and  natural  gas  costs  presented  in  Table  25.  Note  that 
the  RADAR  system  did  not  monitor  the  thermal  heat  recovery  loop  on  the 
fuel  cell.  Therefore,  no  data  are  available  to  estimate  the  value  of  the  heat 
recovered  by  the  Hospital  from  the  fuel  cell.  Notes  from  the  fuel  cell  accep¬ 
tance  test  indicate  that  an  artificial  thermal  load  had  to  be  established  to 
demonstrate  the  heat  recovery  functionality  because  there  was  insufficient 
load  at  the  Hospital.  It  is  inferred  that  the  level  of  heat  recovery  was  not 
significant.  Table  26  lists  the  fuel  cell  energy  savings.  Net  energy  savings 
without  heat  recovery  over  the  entire  program  were  $304,145. 


Table  26.  Annual  energy  savings  at  hospital. 


1997 

1998 

1999 

2000 

2001 

2002 

Total 

Electric  Savings 
Thermal  Savings* 

$20,053 

$111,896 

$145,079 

$126,488 

$67,076 

$100,640 

$571,232 

Total  Savings 

$20,053 

$111,896 

$145,079 

$126,488 

$67,076 

$100,640 

$571,232 

Natural  Gas 

Costs 

$7,169 

$41,191 

$58,041 

$63,601 

$46,125 

$50,961 

$267,087 

Net  Savings 

$12,884 

$70,706 

$87,038 

$62,888 

$20,950 

$49,678 

$304,145 

*Thermal  heat  recovery  data  was  not  monitored  by  UTC  Fuel  Cells’  RADAR  system. 

Overall  electric  savings  were  $571,232  with  a  maximum  annual  savings  of 
$145,079  occurring  in  1999.  The  cost  of  natural  gas  to  operate  the  fuel  cell 


ERDC/CERL  TR-06-19 


50 


totaled  $267,087  over  the  course  of  the  demonstration  and  corresponds  to 
a  fuel  cost  for  electrical  generation  of  $0. 0526/kWh  ($267,087/  5,081,400 
kWh).  Figure  23  shows  the  trend  in  annual  energy  savings. 


Edwards  Air  Force  Base  Fuel  Cell  Energy  Savings 


Year 

^■Annual  Energy  Savings - Cummulative  Energy  Savings 

Figure  23.  Annual  fuel  cell  energy  savings. 

5.4  Fuel  Cell  Lifecycle  Costs 

The  fuel  cell  lifecycle  cost  analysis  is  presented  for  the  operational  life  of 
the  fuel  cell  at  Edwards  AFB.  The  installed  cost  of  the  fuel  cell  was 
$1,260,72 7.  The  lifecycle  cost  analysis  uses  the  utility  rates  presented  in 
Section  5.1,  the  maintenance  costs  presented  in  Section  5.2  and  the  savings 
presented  in  Section  5.3.  Note  that  the  analysis  is  based  on  the  average 
cost  of  electricity  that  the  Hospital  is  charged.  That  is  to  say  that  demand 
savings  are  not  calculated  separately  in  the  analysis.  A  review  of  the  data 
shows  that  demand  savings  would  have  been  realized  in  only  20  of  the  59 
full  months  of  operation  and  that  the  average  demand  reduction  for  the  20 
months  would  have  been  184.8  kW.  In  1999,  demand  savings  could  have 
been  realized  in  9  of  the  12  months.  In  1998  and  2001,  demand  savings 
could  have  been  realized  in  2  of  the  12  months.  The  criterion  for  determin¬ 
ing  demand  savings  is  that  the  fuel  cell  was  operational  during  all  hours  of 
the  peak  period  hours  for  the  calendar  month.  Table  27  lists  the  months  in 
which  demand  savings  could  have  been  attributed  to  the  fuel  cell  and  the 
average  output  of  the  fuel  cell  during  the  month. 
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Table  27.  Fuel  cell  demand  savings. 


Month  of 

Demand  Savings 

Fuel  Cell 

Demand  Savings 

Oct  1998 

200 

Nov  1998 

200 

Mar  1999 

200 

Apr  1999 

196 

May  1999 

200 

Jun  1999 

186 

Aug  1999 

200 

Sep  1999 

197 

Oct  1999 

200 

Nov  1999 

199 

Dec  1999 

200 

Jun  2000 

125 

Jul  2000 

200 

Aug  2000 

200 

Nov  2001 

175 

Dec  2001 

175 

Jan  2002 

173 

Feb  2002 

170 

May  2002 

150 

Jun  2002 

150 

Average  Demand: 

184.8 

Number  of  Months: 

20 

The  data  listed  in  Table  28  summarize  the  lifecycle  cost  analysis.  The 
analysis  allocates  the  capital  cost  of  the  fuel  cell  in  the  1997  calendar  year. 
In  addition,  values  are  actual  costs  and  are  not  adjusted  to  a  base  year.  The 
analysis  shows  that  the  operational  costs  exceeded  the  savings  in  2001  and 
that  the  cumulative  operational  savings  were  $158,545. 
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Table  28.  Lifecycle  cost  analysis. 


1997 

1998 

1999 

2000 

2001 

2002 

HOURS  OF  OPERATION 

Operation  Hrs/Yr  1,024 

5,630 

7,340 

7,326 

2,823 

4,215 

Total  Operation  Hours  1,024 

6,654 

13,995 

21,320 

24,123 

28,358 

Hours  Since  Overhaul  1,024 

6,654 

13,995 

21,320 

24,123 

28,358 

OPERATION  VALUES 


Electrical  Eff  (%) 

34.9% 

37.2% 

34.2% 

32.1% 

31.4% 

31.5% 

Thermal  Eff  (%) 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

Demand  Disp.  (kW) 

0 

400 

1,778 

525 

350 

643 

Electrical  Output  (MWh) 

192.8 

1100.3 

1426.5 

1243.7 

447.2 

670.9 

Thermal  Displ.  (MMBTU) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Fuel  Input  (MMBTU) 

1,236.0 

10.105.7 

14,239.6 

13,320.9 

4,855.3 

7,280.1 

AVERAGE  ENERGY  RATES 


Demand  Rate  ($/kW) 

- 

- 

- 

- 

- 

- 

Electrical  Rate  ($/kW) 

0.1040 

0.1017 

0.1017 

0.1017 

0.1500 

0.1500 

Facility  Gas  Rate  ($/MMBTU) 

5.80 

4.08 

4.08 

4.81 

9.50 

7.00 

Generator  Gas  Rate  ($/MMBTU) 

5.80 

4.08 

4.08 

4.81 

9.50 

7.00 

GENERATOR  SAVINGS  /  ENERGY  SAVINGS 


Demand 

- 

- 

- 

- 

- 

- 

Energy 

$20,051 

$111,901 

$145,075 

$126,484 

$67,080 

$100,635 

Displaced  Fuel 

$0 

$0 

$0 

$0 

$0 

$0 

Subtotal  ($) 

$20,051 

$111,901 

$145,075 

$126,484 

$67,080 

$100,635 

COSTS 

$50,961 

$7,029 
$0 

$57,990 
$42,645 
$158,545 

$42,645 
($1,102,182) 
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6  Summary  and  Conclusions 

6.1  Review  of  Fuel  Cell  Demonstration  at  Edwards  AFB 

The  200  kW  phosphoric  acid  fuel  cell  operated  for  28,357.9  hours  which 
corresponds  to  an  availability  of  65.3  percent.  A  total  of  27  outages  were 
recorded,  16  of  which  were  classified  as  a  “Forced  Outage(s).”  The  fuel  cell 
delivered  more  than  5,081  MWh  of  electricity  to  the  Hospital  facility  at  an 
average  rate  of  179  kW.  The  fuel  cell  electrical  efficiency  averaged  34.0 
percent  (HHV)  over  the  course  of  the  demonstration.  Thermal  heat  recov¬ 
ery  was  not  monitored  for  this  fuel  cell.  The  data  listed  in  Table  29  sum¬ 
marizes  the  performance  of  the  fuel  cell  operation. 


Table  29.  Summary  of  fuel  cell  performance. 


1997 

1998 

1999 

2000 

2001 

2002 

Totals 

Fuel  Cell  Operation 

Hours  in  the  Period 

3.998.4 

8,760.0 

8,760.0 

8,784.0 

8,760.0 

4,357.0 

43,419.4 

Fuel  Cell  Operation  Hours 

1,024.3 

5,630.0 

7,340.2 

7,325.9 

2,823.0 

4,214.6 

28,357.9 

Fuel  Cell  Outage  Hours 

2,974.2 

3,130.0 

1,419.9 

1,458.1 

5,937.0 

142.4 

15,061.5 

Availability 

25.6% 

64.3% 

83.8% 

83.4% 

32.2% 

96.7% 

65.3% 

Electrical  Generation 

Total  Generation  (MWh) 

192.8 

1,100.3 

1,426.5 

1,243.7 

447.2 

670.9 

5,081.5 

Average  Rate  of  Generation  (KW) 

188.2 

195.4 

194.3 

169.8 

158.4 

159.2 

179.2 

Natural  Gas  Consumption 

1,236.0 

10,105.7 

14,239.6 

13,230.9 

4,855.3 

7,280.1 

Total  Consumption  (cu  ft/hr) 

1,200,000.0 

9,811,327.0 

13,824,858.0 

12,845,496.0 

4.713,880.0 

7,068,103.0 

49,463,664.0 

Average  Rate  of  Generation  (cu  ft/hr) 

1,788.4 

1,742.7 

1,883.5 

1,753.4 

1,669.8 

1,677.1 

1,744.3 

Heat  Recovery 

Total  Heat  Recovered  (MMBTU) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Average  Rate  of  Recovery  (MMBTU) 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Efficiencies 

Electrical  (%) 

34.9% 

37.2% 

34.2% 

32.1% 

31.4% 

31.5% 

34.0% 

PURPA*  (%) 

34.9% 

37.2% 

34.2% 

32.1% 

31.4% 

31.5% 

34.0% 

*  Public  Utility  Regulatory  Policy  Act  (PURPA). 

The  longest  continuous  period  of  operation  was  4,507.4  hours,  or  about  6 
months.  The  fuel  cell  stack  had  to  be  replaced  once  during  the  demonstra¬ 
tion  period  and  an  external  water  treatment  system  had  to  be  retrofit  to 
the  fuel  cell  due  to  high  conductivity  of  the  water.  In  addition,  five  fuel  cell 
design  retrofits  were  installed  on  the  fuel  cell  which  included  a  new  con¬ 
troller  and  software  as  well  as  a  new  high  grade  heat  exchanger  system. 
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At  the  completion  of  the  demonstration,  the  fuel  cell  was  down  due  to  a 
forced  outage  associated  with  the  water  treatment  system.  Edwards  AFB 
has  elected  to  keep  the  fuel  cell  and  plans  to  restore  operation  at  the  cur¬ 
rent  facility  or  to  move  it  to  another  facility. 

6.2  Lessons  Learned 

Based  on  the  experience  of  installing,  and  operating  the  fuel  cell,  the  fol¬ 
lowing  lessons  learned  can  be  considered: 

•  High  conductivity  of  water,  particularly  due  to  the  hardness  of  the  wa¬ 
ter  in  the  Southwest  region  of  the  U.S.,  must  be  addressed  to  prevent 
negatively  impacting  the  performance  of  the  fuel  cell  stack. 

•  Installation  of  the  fuel  cell  is  a  relatively  straightforward  process  with 
no  major  concerns  at  this  site.  The  installation  took  2  months  from  the 
authorization  to  commence  construction  to  the  completion  of  the  ac¬ 
ceptance  testing  (25  April  1997  to  25  June  1997). 

•  During  the  course  of  the  demonstration,  the  fuel  cell  operation  result¬ 
ing  an  a  cumulative  savings  of  $158,545  or  $3i,700/yr.  The  level  of  en¬ 
ergy  savings  was  less  than  the  anticipated  $72,500/yr  to  $io8,400/yr 
due  to  the  following: 

o  The  average  fuel  cell  electrical  output  was  179  kW  and  not  the  an¬ 
ticipated  200  kW 

o  The  fuel  cell  availability  was  only  65.3  percent  instead  of  95  percent, 
o  The  level  of  heat  recovery  was  not  measured  and  therefore  not  in¬ 
cluded  in  the  savings  values. 

o  The  fuel  cell  was  able  to  potentially  reduce  the  demand  of  the  Hos¬ 
pital  in  only  20  of  the  59  months  of  the  demonstration. 

•  The  fuel  cell  experienced  a  total  of  8,167.6  hours  of  non-forced  outages 
attributed  to  due  to  the  natural  gas  supply  being  turned  off,  site  opera¬ 
tor  error  or  scheduled  maintenance  activities.  The  longest  non-forced 
outage  occurred  in  January  to  October  2001  for  a  duration  of  6,193.37 
hours  due  to  site  personnel  shutting  off  the  natural  gas  supply  to  the 
fuel  cell  and  opening  the  maintenance  disconnect  switch. 

•  Most  of  the  forced  outages  were  categorized  as  Other  and  Thermal 
Management  System  issues.  The  total  duration  of  forced  outages  was 
6,893-9  hours  or  46  percent  of  all  outages. 

•  The  average  duration  of  a  forced  outage  was  430.9  hours,  or  approxi¬ 
mately  18  days. 

•  The  maintenance  costs  averaged  $27,677/year,  which  represents  an 
average  cost  of  2.72  cents/kWh.  This  does  not  include  the  equipment 
cost  of  the  replacement  cell  stack,  the  reverse  osmosis  system,  the  re- 
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design  high  grade  heat  exchanger  system,  or  the  other  hardware  pro¬ 
vided  by  UTC  Fuel  Cells. 

•  The  average  fuel  cost  to  generate  electricity  was  5.26  cents/kWh. 
($267,087  /  5,081,500  kWh). 

•  The  average  operating  and  maintenance  costs  to  generate  electricity 
was  7.98  cents/kWh  (5.26  cents/kWh  [fuel  cost]  +  2.72  cents/kWh 
[O&M  costs]).  Note  that  this  does  not  include  the  value  of  the  heat  re¬ 
covered  from  the  fuel  cell.  Over  the  same  period  of  time,  the  average 
cost  of  electricity  purchased  from  SCE  is  estimated  to  be  11.8 
cents/kWh. 

6.3  Issues  for  Further  Analysis 

The  review  and  analysis  of  the  200  kW  phosphoric  acid  fuel  cell  that  was 

installed  at  Edwards  AFB.  resulted  in  the  identification  of  several  issues 

appropriate  for  further  analysis: 

•  Water  Quality  Requirements.  UTC  Fuel  Cells  has  identified 
through  the  demonstration  that  the  hardness  of  the  water  impacts  the 
fuel  cell  operation.  The  Edwards  AFB  fuel  cell  required  the  installation 
of  a  reverse  osmosis  water  treatment  system.  The  hardness  level  at 
which  the  fuel  cell  will  require  an  RO  system  should  be  identified. 

•  Fuel  Cell  Electrical  Efficiency  Trends.  The  analysis  of  the  electri¬ 
cal  efficiency  trends  showed  that  in  addition  to  the  number  of  load 
hours,  other  factors  affect  the  efficiency  degradation.  The  secondary 
analysis  that  was  conducted  based  on  evaluating  the  trends  between 
major  system  changes  did  not  substantially  improve  on  the  ability  to 
better  quantify  the  electrical  efficiency  degradation.  Further  evaluation 
of  trends  of  other  demonstration  fuel  cells  might  provide  more  insight. 

•  Cell  Voltage  Trends.  The  analysis  of  the  cell  voltage  trend  showed 
that  the  trend  for  operation  at  the  175  kW  output  had  the  best  regres¬ 
sion  with  an  R  Squared  value  of  0.95.  The  200  kW  and  150  kW  regres¬ 
sions  have  R  Squared  values  that  are  lower  than  the  original  regression 
model  indicating  that  this  approach  does  not  improve  the  model  for 
these  two  data  sets.  The  slopes  of  the  lines  for  the  three  power  levels 
range  from  -2.67  percent  to  -5.44  percent  per  10,000  load  hours. 
These  trends  should  be  further  analyzed  with  additional  C  models  to 
see  if  better  characterizations  can  be  developed. 

•  System  Design  Improvements.  As  part  of  the  fuel  cell  demonstra¬ 
tion  and  overall  fuel  cell  development,  UTC  Fuel  Cells  refined  the  fuel 
cell  design  based  on  operational  experience  gained  through  the  opera¬ 
tion  of  the  fleet  of  fuel  cells.  These  improvements  and  modifications 
were  classified  as  retrofits.  The  details  of  the  retrofits  are  considered 
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proprietary  information  by  UTC  Fuel  Cells  and  are  not  available  for  in¬ 
clusion  in  this  report.  Investigation  of  maintenance  activities  for  a  lar¬ 
ger  number  of  C  type  fuel  cells  may  provide  greater  insight  into  the 
modifications  to  the  fuel  cell  design  that  can  be  attributed  to  the  dem¬ 
onstration  program. 
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Acronyms  and  Abbreviations 

Term  Spellout 

ACSIM  Assistant  Chief  of  Staff  for  Installation  Management 
AFB  Air  Force  Base 

AFCESA  Air  Force  Civil  Engineer  Support  Agency 

ANSI  American  National  Standards  Institute 

CEO  corporate  executive  officer 

CERL  Construction  Engineering  Research  Laboratory 

CPW  U.S.  Army  Center  for  Public  Works 

CVS  Cabinet  Ventilation  System 

DEIS  Defense  Energy  Information  System 

DFSC  Defense  Fuel  Supply  Center 

DOD  Department  of  Defense 

DSP  Digital  Signal  Processing 

ERDC  Engineer  Research  and  Development  Center 

FPS  Fuel  Processing  System 

GFI  Ground  Fault  Interrupter 

HHV  Higher  Heating  Value 

HPLC  high  performance  low  chromatography 

HQ  headquarters 

I/O  input/output 

ILIR  In-house  Laboratory  Independent  Research 

kW  Kilowatt 

LHV  lower  heating  value 

MSDP  Multi  Source  Discovery  Protocol 

N/A  not  applicable 

NFESC  Naval  Facilities  Engineering  Service  Center 

NPS  National  Park  Service 

ODUSD  Office  of  the  Deputy  Under  Secretary  of  Defense 

OMB  Office  of  Management  and  Budget 

PAFC  Phosphoric  Acid  Fuel  Cell 

PG&E  Pacific  Gas  and  Electric  Company 

PO  purchase  order 

Power  Section  System 


PSS 
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Term  Spellout 

PURPA  Public  Utility  Regulatory  Policy  Act 

RO  reverse  osmosis 

RADAR  Radio  Detection  And  Ranging 

SAIC  Science  Applications  International  Corporation 

SCE  Southern  California  Edison 

SERDP  Strategic  Environmental  Research  and  Development  Program 

SI  Systeme  Internationale 

TMS  Thermal  Management  System 

TOC  Table  of  Contents 

TOU  time-of-use 

UPS  Uninterruptible  Power  Supply 

URL  Universal  Resource  Locator 

UTC  United  Technologies  Corp. 

WAPA  Western  Area  Power  Administration 

WTS  Water  Treatment  System 

WWW  World  Wide  Web 
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Appendix  A:  Fuel  Cell  Acceptance  Test  Report 
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GNSI  CORPORATION 


01/23/95 


■  Following  a  normal  power  plant  start-up,  operate  at  IDLE  for  one  hour. 
At  the  completion  of  the  one  hour,  obtain  prints  of  the  following  five 
(5)  display  screens. 

KEY  PARAMETERS  (screen  09} 

REACTANT  SUPPLY  SYSTEM  (screen  10) 

STACK  LOOP,  ANC  LOOP,  &  WTS  (screen  11) 

ELECTRICAL  OVERVIEW  (screen  14) 

POWER  CONDITIONER  SYSTEM  (screen  25) 

■  In  the  grid  connect  mode  with  unity  power  factor  and- no  heat  recovery, 
operate  at  each  of  the  following  powers  for  one  hour.  After  one  hour 
obtain  prints  of  the  five  (5)  screen  displays  outlined  above.  Also 
perform  the  additional  demonstrations  at  100  KW  and  200  KW  listed 
below  which  are  accomplished  after  the  one  hour  hold.  The  required 
display  screen  prints  for  verification  are  shown  in  brackets  {}. 

*  50  KW 

*  100  KW 

-  demonstrate  leading  and  lagging  power  factor  for  5  minutes 

«  max  leading  power  factor  up  to  0.85  within  limitiations 
imposed  by  the  grid  {screen  14} 

e  0.85  lagging  power  factor  {screen  14} 

*  150  KW 

*  200  KW  (Rated  Power) 

-  demonstrate  <  3%  harmonic  distortion  [using  THD  meter 
across  the  output  power  breaker) 

-  demonstrate  60  Hz  ±  3  Hz  frequency  [using  a  Fluke  Model  87 
True  RMS  Multimeter  or  equivalent] 

-  demonstrate  leading  and  lagging  power  factors  for  5  minutes 

»  max  leading  power  factor  up  to  0.85  within  limitiations 
imposed  by  the  grid  {screen  14} 

»  0.85  lagging  power  factor  {screen  14} 

-  demonstrate  minimum  of  2  hours  of  heat  recovery  at  time 
of  normal  site  heat  usage  and  consistent  with  site  design 

»  {screen  09  at  beginning  and  end  of  demonstration 
plus  screen  11  at  beginning  and  every  hour  until 
heat  recovery  demonstration  completed} 

»  confirmation  of  1900  SCFH  ±  100  SCFH  natural  gas 
consumption  during  this  two  hour  hold 

■  Grid  Independent  operation  will  be  demonstrated  at  those  sites  where 
-  such  capability  is  installed,  at  power  conditions  consistent  with 

normal  site  demand.  After  one  hour  of  grid  independent  operation, 
each  of  the  five  (5)  screens  displays  noted  above  shall  be  printed  as 
verification. 

-  demonstrate  60  Hz  ±  3  Hz  frequency  [using  a  Fluke  Model  87 
True  RMS  Multimeter  or  equivalent] 

-  demonstrate  480  volts  ±  3% 
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GROSS  AC  POWER 

164.7 

KW 

GROSS  AC  MW  HRS 

2.996 

MWHR 

NET  AC  MW  HOURS 

1.307 

MWHE 

row: 


IDC=  301  VDC=  212  _ 

FT012ACT-  54.0  T  E  4  C  0  F  T=S?ST£,^TETTT 
P  160  R  160  S  60  W  23  A  2D  K  40  12 


^SYSTEM 


lj  VT  3 1 E 

2  FT-  lj': 


90 


3DEL-  -0.65  EVENTS 

9  9 OVERRIDE 

10 


'<U2> 


0 

0 


I MV  AC  VOLTAGE . PHASE  A 
INV  AC  VOLTAGE, PHA^a  3 
INV  AC  VOLTAGE , PEASE  C 
LEV  AC  CURRENT,  PHASE  A 
INV  AC  CURRENT  r PHASE  B 
INV  AC  CURRENT, PHASE  C 

NET  AC  VOLTAGE, PHASE  A 
NET  AC  VOLTAGE r PHASE  B 
NET  AC  VOLTAGE r PHASE  C 
LINK  VOLTAGE 


493.2  V 

496.3  V 

496.5  V 
1S4.0  A 
176.0  A 

179.5  A  CURRENT 

497.1  V 

495.3  V 

491.9  V  VOLTAGE 

539.6  V 


UNBAL  (*)  5-1 

UNBAL  \  i  )  1-0 


PERCENT  FUNDAMENTAL 
PHASE  SHIFT  REQUEST 
G/T  BREAKER  STATUS 
G/C  BREAKER  STATUS 
IN TER -TIE  BREAK EE  STAT 
INTERRUPT  COUNT 


sa.a  % 

6.9  DEC 
Ot  f 
on 
On 
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override  :  6 

1SD.1  HRS 
-I  ,  DC 

11.584  MWHR 
D . 4  *  VOLTS 

1992.6  ECFH 

66.2  % 

1334**  SCF 
53  3.3  PFH 
*4. 0  * 

1655.6  DEGF 


7EOC2  HDS  TEMP 

581,  9 

DEGF 

TE350 

ANODE  INLET  TEMP 

407,3 

DEGF 

E4Q0FT  STEAM  SEP  TEMP 

350,3 

DEGF 

TE4O0 

SETPOINT 

350.1 

DEGF 

13381  TEMP  TO  GUST 

177.1 

DEGF 

RECOVERED  HEAT 

254 

MBTU/H& 

TE4  31 

POLISHER  TEMP 

119.0 

DEGF 

iT  400  SEPARATOR  LEVEL 

11.2 

:n 

TE310 

GLYCOL  TEMP 

153.3 

DEGF 

rM?4  51  STATUS 

Off 

TE169 

MOTOR  COftP  AIR 

113.1 

DEGF 

TE150 

MOT  COMF  AIR  IN 

99 . 2 

DEGF 

LECTEICAL  EFFICIENCY 

36  .  2 

* 

press 

CNEXT  PAG2>  key  t 

o  view 

RM  data 

KEY  PARAMETERS  (ENGLISH  UNITE ) 


:'P  9061 

_ 1SD.  3^ If 


TACK  CURRENT 
TACK  VOL TAG 3 
□LUMETRIC  FUEL  ?LOW 
,CTUAL  FUEL  FLOW 
' TO 10  EJECTOR  POSITION 
HI  MONITOR 

T140  BURNER  AIR  FLOW 
n3012  REFORMER  T£mP 
3Q12R  BACKUP  REF  TEMP 


JtfjACj 

KWAC 

AMPS 

VOLTS 

3CFH 

FPH 


EVENTS:.^ 

3C-  l  1C  (Qo 
OPERATING  TIME 
POWER  FACTOR 
CUMULATIVE  POWER 
31AL7  STACK  VOLTAGE 
FUEL  FLOW  SETPOINT 

ET019  SETPOINT 
TOTAL  FUEL  CONS 
FTl^O  SETPOllfT 
ST110  POSITION 
TS012  SETPOINT 


06/20/95 
17  46  ;  55 
P/P  9061 


REACTANT  SUPPLY  BYSTSH. 

IDC=  1985.5  VDC=  207  ^TSJacSeJT^^)  VT310DE 
FTO 12ACT-  33,^  TE400FT^TST^FeTj125t=  1656 


P  160  R  1 60 


60  V  20  A  30  N  49  C  39  L  10 


0,36  EVENTS 
^  OVERRIDE 

LV 


0 

0 


CE912 

REF  TUBE  TEMP  {PRIMARY) 

1657.1 

DEGF 

EBTPOIKT; 

1655.2 

TE012R 

TEU120EL 

HEF  TUBE  TEMP  ( BACKUF ) 
REF  TUBE  TEMP  DELTA 

1670.2 
14. 5 

I-EGF 

DEGF 

3EF / FUEL  CONT  OUTPUT: 

1_D3 

FT012ACT 

ACTUAL  MASS  FUEL  FLOW 

83.3 

PFE 

SETPOINT ; 

&9 . 3 

FTO  12 

UNCQRR.  MAES  FUEL  FLOW 

SI.  7 

PPH 

TSOll  FUEL  TSMP ( DEGF } 

99.0 

SCJH 

ACTUAL  VOLUME  FUEL  FLOW 

1962.2 

CFH 

SETPOINT: 

1996.0 

FUEL TOT 

TOTAL  FUEL  CONSUMED 

139496 

SCF 

PTG12  VENTURI  { P£IA ) 

e.70 

ZTC19 

EJECTOR  POSIT  ION 

$5.® 

% 

SETPOINT : 

65.  7 

PHIMON 

TE35G 

PHI  MONITOR 

ANODE  INLET  TEMP 

1.02 

407,4 

DEGF 

3TEAM  FLOW  £.?. (P?H) j 

322-3 

TE002 

HDS  BED  TEMP 

582.8 

DEGF 

HTRO02  STATUS: 

Off 

EFFKEF 


REFORMER  efficiency 


81.2  * 


ERDC/CERL  TR-06-19 


73 


05/20/95 

*747:41 

?/?  safr, 

IE4Q0 

TE4CQR 

TE4C0DEL 

LS45G 

TE431 

TE31G 

TES  20 

TE380 

TSSE1 

TE401 

LT40  D 

FMP451 
ETA ST TEMP 
ID3KET 

HTR4QO 


06/30/95 
1 74S : 44 
F  /  ?  9061 

LOADTIME 
E  ij-TT  I M  2 
C3LV 
AST 
KWDC 

VT  3 1 0  DE  L 

EFFINV 

EFFMFCH 

EFFELEC 

kwacnst 

PFACT 

KVAENET 

KVANET 

FAF.FDWER 

KWACGROS 

MWKESGE 

MWHESNGC 


STACK  LOOP,  AMC  LOOP,  .jr  VTS 

IDC  =  1039.  VDC=  207  CE^A^NeY^  20!S5  VT31CEEL=  -0,37  EVERTS 

FTG12ACT=  90.8  T  5  4  0  D  F  7§  CEfT3T7T=  16  51^^  OVERRIDE 

P  160  R  160  S  60  W  20  A  30  !i  40  C  30  L  10  (TscT) 


0 

0 


SEPARATOR  TEMP  l' PRIMARY  )  3  51.1 
SEPARATOR  TEMP  ( BACKUP )  350-7 

SEP  TEMP  DELTA  0.4 

WATER  TANK  LEVEL  SWITCH  On 

POLISHER  TEMP  11*. 3 

CQNDENSOR  EXIT  TEMP  153.3 

OUST  HEX  HOT  IH  TEMP  177.0 

OUST  HEX  COLD  1 N  TEMP  105.4 
CUST  HEX  COLD  EX  TEMP  173,8 
STACK  COOL ART  INLET  TEMP  3lfi.fi 
SEPARATOR  LEVEL  10.8 

WTS  FEEDWATER  PUMP  On 

TEMP  FOR  REF  HEATUP  35D-0 

NET  DC  CURRENT  1092,8 

ELEMENT  "A"  Off 

ELEMENT  nEM  Off 


DEGF 

SETPOINT: 

350.4 

DEG? 

SEP  T3MP  FACTOR { DEGF  ) 

O.  9 

DEGF 

STK  FLOW  5W  ( FS4 DO ) 

On 

DEGF 

DEGF 

F/W  TEMP  SW  (TS451) 

on 

DEGF 

CUMKEATREC [ MMRTU ) 

1,210 

DEGF 

FT38C  FLOW  [PPH} 

2763 

DEGF 

DEGF 

HEAT  REC  ( MRTU/HR ) 

2  02 

IN 

ON  TIME  r  MIN.  (  FWPUMP ) ; 

D 

DEGF 

AMPS 

ELEMENT  MGir 

Off 

ELEMENT  hlD1' 

Off 

E  L  E  CTRL  CA 10' VE  RY_I  S W_ 

IDC  =  1092  VDC  =  207  iKWACTTET^^C^  -  jj  VT310DEL= 

7T012ACT=  92, -5  TG400FT^  T=  1658 

P  160  E  160  S  60  W  20  A  30  N  43  C  30  L  12  C  I  SO 


TOTAL  LOAD  TIME  15C  HE 

TOTAL  NOT  TIME  210  HR 

AVG  VOLTS  PER  CELL  .646  V/C 

CURRENT  DENSITY  194  ASF 

EC  KILOWATTS  221-5  KW 

DELTA  HALF  STK  VOLT  -0.36  V 


0.36  EVENTS  0 
OVERRIDES  0 


VT31D  HALF  DTK  VOLT 


0-46 


INSTANTANEOUS  STF,  AMPS 

1073 

A 

CELL  EFFICIENCY  (%) 

51  ■  7 

INVERTER  EFFICIENCY 

96.0 

% 

MECHANICAL  EFFICIENCY 

92.4 

% 

REF  EFFICIENCY  (1} 

79 . 2 

ELECTRICAL  EFFICIENCY 

36.3 

* 

HJLAT  rate  (BTU/KWHR) 

10433 

NET  AC  POWER  199.9 
ACTUAL  POWER  FACTOR  -1,00 
NET  KVAR  -0-7 
SET  KVA  200 . 2 
PARASITE  POWER  16.8 
GROSS  AC  POWER  216-2 
GROSS  AC  MW  HRS  14.713 
NET  AC  MW  HOURS  11.591 


KWAC 

DISPATCHED 

POWER : 

200,0 

- 

DISPATCHED 

P-F-  : 

1.00 

EVAE 

KVA 

KW 

KW 

MWKR 

HWHR 

DISPATCHED 

KVAR ; 

0,0 
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C6/20/95 
1745:30 
P/P  5001 


IDO  106  6  VDO 
FT012ACT-  39.7 
P  160  R  160  S  £0 


P  OWE  El  CONDITIO  Hi 
207  C.Ky.WTET=19 9 _ 
T  E  4  0  0  ? oTbl'Ti^TEST 
W  20  A  20  N  40 


SYSTEM 

VT3 10DEL-  -0.35  EVENTS 

FT=  1659.3 _ OVERRIDE 

20  L 


™<£B 


0 

0 


PTG01A 

INV 

AC 

VOLTAGE ,PHASS 

A 

49:  .  2 

IT 

RT301R 

INV 

AC 

VOLTAGE , PHASE 

B 

489  .  9 

V 

PT00IC 

INV 

AC 

VOLTAGE, PHASE 

C 

4S5.3 

V 

CTO CIA 

TKV 

AC 

CURRENT, PHASE 

A 

225.1 

A 

"TOO  IE 

INV 

AC 

CURRENT , PHASE 

B 

242.1 

A 

CTQOIC 

TKV 

AC 

CURRENT, PHASE 

r 

239.5 

A 

CURRENT 

UNBAL 

9T0C3A 

NET 

AC 

VOLTAGE , PHASE 

A 

435.  5 

V 

PT0033 

NET 

AC 

VOLTAGE, PHASE 

£ 

466.3 

V 

PT0O3C 

NET 

AC 

VOLTAGE , PHASE 

C 

464. 2 

V 

VOLTAGE 

UNBAL 

LINK VUC 

LINE  VOLTAGE 

5  99.9 

V 

7  r  1 


1.1 


PE RC FUND 

PSR2Q 

MCEC'01 

UCED02 

MCEDGP 


1 -NT  CO  "NT 


PERCENT  FUNDAMENTAL 
PHASE  SHIFT  REQUEST 
G/T  BREAKER  STATUS 
G/C  BREAKER  STATUS 
INTER-TIE  HRSAK3R  STAT 
INTE ERUPT  COUNT 


36.8  % 

S -  0  DEG 

Off 

Or. 

On 

0 
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O  VI S  +  to  M*CSW,IVT  V.  Qlsl 


T  <3^  P\,  NA  NfcWQ  *1  Lt  'C  l&T  W*  *  0V4 


istWQ^VrRfcTWi  Vi.1  “4 

^cjo\T£^  \  <  "S-C  Q  '4 

H£«lU  UT  : 


ee.-J0/3^  13:  *4-  -*6 

l.OLTS  =  4  £3. 7 

F  M  PS  "  0.  04 

kflTTS  h  17 

f  .  f  .  =■  + 1 .  aa 

Hnhr  pnr  =  a 

sipprcx  TDF  =  0.55 

MOLTS  ANPS 


TIF 

THC 

(i'-?7P) 

77 

1? ■ 33* 

F 

+74. 3U 

0.04ft 

£ 

0  ■  46^ 

13  ■ 64* 

3 

0 . 40* 

4 , 3S* 

4 

S  .  96* 

4  ■  35* 

5 

0  ■  34* 

4,35* 

€ 

0  ■  04* 

0,00* 

7 

0  ■  33* 

4  .  35* 

8 

0 . 04* 

0,00* 

0  ■  06* 

0  .  03* 

l  0 

0 . 0a* 

4,  "3* 

1 1 

0 . 40* 

4.  33* 

12 

■0 , 02* 

0,  90* 

13 

0. 3S* 

4. 3S* 

14 

9.  02* 

3.33* 

is 

0  +  02* 

0.03* 

i€ 

0.02* 

0.00* 

17 

0.04* 

0. 09* 

IB 

0.02* 

0*00* 

is 

3-  02* 

0. 30* 

30 

0.  02* 

3*  33* 

£1 

3.  60* 

0  ■  30* 

£2 

3.02* 

0  .  03* 

£3 

0.  04* 

4 . 35* 

24 

0.  00* 

0 . 00* 

23 

Bi  &  0  *. 

0 . 00* 
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O  VA  S"l  \9  w 


CSUTpkJT  T=?£<3Ni£>i<:>< 


’ftfcC50fltt.lV. 


iCl.Qtt  Va. 


-sssow*. 


T*vS£ 


E L EC TpXJ^L  ^OYEgV^EW 


06/20/95 

IOC  =  1093  VDC-  207  (^HACMET^ 

tocTiS 

VT31GDEL=  -0.40  EVENTS  0 

1522:17 

FT012ACT=  90.1  TE40  OFT-  3  51 

TeMTFT=  1661  OVERRIDES  O 

F/P  9051 

F  160  R  160  £  60  W  20- 

A  30  N 

40  2 

30  L  10  ^ JOS 

LOAD TIME 

TOTAL  LOAD  TIME 

150 

HR 

HOTTIME 

TOTAL  HOT  TIME 

211 

H9 

CELV 

AVG  VOLTE  PER  CELL 

.£4  6 

V/C 

ASF 

CURRENT  DENSITY 

196 

ASF 

KWEC 

DC  KILOWATTS 

226.7 

KW 

VT210EEL 

DELTA  HALF  £TE  VOLT 

-0 . 40 

V 

VT310  HALF  £TK  VOLT 

0.  43 

INSTANTANEOUS  STK  AMPS 

1091 

A 

3F7INV 

INVERTER  EFFICIENCY 

95.  E 

% 

CELL  EFFICIENCY  (fc) 

51-7 

FFFHECH 

MECHANICAL  EFFICIENCY 

92.2 

% 

REF  EFFICIENCY  <%) 

Si  .  1 

EFFELEC 

ELECTRICAL  EFFICIENCY 

36,5 

% 

HEAT  RATE  (BTU/KWHR) 

102  65 

KMA-3ET 

KHT  Af!  POWER 

200.2 

KWAC 

DISPATCHED  POWER: 

pfaSt  _ 

ACTUAL  POWER  fXcTQeP~ 

CdTS^ATPHEE^  j  , 

KVAF.NET 

n^inrp^r^ — — - 

rri 

KVAR 

DISPATCHED  ^ VAR : 

izyrs 

EVANET 

NET  KVA 

202.0 

KVA 

FAR POWER 

PARASITE  POWER 

16,1 

KW 

KWACGROS 

GROSS  AC  POWER 

216.4 

EW 

MWHE5GH 

GROSS  AC  MW. HRS 

14,541 

MWHR 

KWHRSNET 

NET  AC  MW  HOURS 

11.704 

MWKR 
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ELECTRIC 


06/20/55 

IDC=  1110  VDC=  206  CK_WACNET  = 

v1*  +JT- 

2  DQ 

1925:02 

ftoi2act=  as. a  te400ft 

=  :T3T” 

'Ttf?. 

P/P  9061 

P  160  R  160  S  60  W  20 

A  20  N 

40 

LOADTTME 

TOTAL  LOAD  TIME 

150 

HR 

HOTTIME 

TOTAL  HOT  TIMS 

211 

HE 

CELV 

AVG  VOLTS  PER  CELL 

.645 

v/c 

ASF 

CURRENT  DENSITY 

198 

ASF 

KWDC 

DC  KILOWATTS 

225.1 

KW 

VT310DEL 

DELTA  HALF  STK  VOLT 

-0.35 

V 

I H STANT AN EOU £  STK  AMPS 

1113 

A 

EFFINV 

INVERTER  EFFICIENCY 

95  .  2 

% 

E?FMEC3i 

MECHANICAL  EFFICIENCY 

92.4 

% 

EFFELEC 

ELECTRICAL  EFFICIENCY 

37 .1 

* 

7T,3iODSL  = 
T=  165  6 
C  jO  L  10 


(D°) 


0.35  EVENTS 
OVERRIDES 


VT310  HAL?  STK  VOLT 

CELL  EFFICIENCY  fS) 
REF  EFFICIENCY  [%) 
HEAT  RATS  (BTU/KWHR) 


FWACNRT _ 

V ETL  AC  _P OWE 

...  1  qq  .  7 

KVfAC 

PJl^CT  JZ  ,  IaCT  UAL  POWER  FACTOR 

YhdTssi  - 

jCVARNET 

NET  KVSR 

-122 . 6 

KVAK 

KVANET 

NET  KVA 

234. S 

KVA 

FAR POWER 

PARASITE  POWER 

17,4 

KW 

KWACGR03 

GROSS  AC  POWER 

217.2 

KW 

MWHE5GP. 

GROSS  AC  MW  HRS 

14.S66 

KWHR 

MWKRENET 

NET  AC  MW  HOURS 

11.724 

MWHE 

QISEATaiZE-^ 

CiitSFATcigg; 


O  r  43 

51.6 

32.0 

10196 


KEY  PARAMETERS  (ENGLISH  UNITS j 


?/?  3061 

F_  160_R  16  a 


06/20/96 
_S  -60-  W  20 


■,  rta-rj- 

pqweeTc^ 

STACK  CURRENT 
STACK  VOLTAGE 
VOLUMETRIC  FUEL  FLOW 
ACTUAL  FUEL  FLOW 
ST01D  EJECTOR  POSITION 
PHI  MONITOR 
FT14Q  BUHNER  AIR  FLOW 
TEO 1 2  REFORMER  TEMP 
TE012R  BACKUP  ESF  TEMP 

TS002  HDD  TEMF 

TE400FT  STEAM  SEP  TEMP 
TES81  TEMP  TO  OUST 

LT40U  SEPARATOR  LEVEL 
FMF451  STATUS 

ELECTRICAL  EFFICIENCY 


1934- 
AJJQ^N 
200.2. 
2147T 
1077.0 
2  07,2 
1943.4 
S7  .  5 
64. 8 
1.02 
536. S 
1660.1 
1672.9 

595,  5 

351-  1 
134.0 

11.0 

On 

37.4 


08 
40  C 


30 


3VENT 
L  10 


PEL— .  0 

u3b 


OVERRIDE: 


KWAC 

OPERATING  TIME 

15  0.9 

HRS 

KWAC 

POWER  FACTOR 

-1.00 

AMPS 

CUMULATIVE  POWER 

11-744 

MWHR 

VOLTS 

HALF  STACK  VCLTAGE 

0.44 

VOLTS 

SCFH 

FUEL  FLOW  SETPOINT 

1963.9 

SCFH 

PPH 

% 

ETOVI  ERTHDiNX. - 

64.  3_ 

Ctotal  fuel  cons  „  _ 

^scf) 

FFH 

FrT^^STfoTlTT 

^T'9  -  b 

fFh 

DEGF 

ZT110  POSITION 

34.4 

% 

DEGF 

TEO 12  SETPOINT 

1656.3 

DEGF 

DEGF 

TE3  5C1  ANODE  INLET  T3MP 

1  409 .8 

DEGF 

DEGF 

TE4 00  SETPOINT 

350-2 

DEGF 

DEG7 

RECOVERED  HEAT 

912 

MBTU/HR 

TE431  POLISHER  TEMF 

119. 0 

DEG? 

IN 

TES10  GLYCOL  TEMP 

160.2 

DEGF 

TE160  MCTOR  COMP  AIR 

119.0 

DEGF 

TR150  MOT  COMP  AIR  IN 

101.9 

DEGF 

press  < NEXT  PAGE>  key  no  view  RM  data 
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STACK  LDQ£^£N; QJriQO^  &  WTS 

DS/20/95  I  DC—  1G6B.4  VDC=  20S  VT310DEL=  -0,37  EVENTS  0 

1834:5:  FT0i2ACT=  fi7 . 5  TS 1  OOFC=35^tT^WtTT2FT=  OVERRIDE  D 

P/P  3061  P  ]£0  R  160  G  60  W  20  A  30  N  40  C  30  L  ID  fl  5tf> 


T3  4Q0  SEPARATOR  TEMP  { PRIMARY )  3 SO. 7 

TE40GR  SEPARATOR  TEMP  {BACKUP)  250-0 

TE400DEL  SEP  TEMP  DELTA  0.2 

LS4 dC  WATER  TANK  LEVEL  SWITCH  On 

TE431  POLISHER  TEMP  119.0 

test:  condsksok  exit-  temp  149.4 

TE320  OUST  HEX  HOT  IN  TEMP  176.  fc 

TE3SQ  COST  HEX  COLD  IN  TEMP  92.6 


TE8&1 

COST  HEX  COLD  EX  TEMP 

130.2 

TE401 

STACK  COOLANT  INLET  TEMP 

239. 7 

i.T^CO 

SEPARATOR  LEVEL 

11.2 

PMF  4  3 1 

WTS  FEEDWATER  PUMP 

Off 

START TEMP 

TEMP  e^DR  REF  HEAT  HR 

350.0 

IDCN3T 

NET  DC  CURRENT 

1064,1 

HTR4G0 

ELEMENT  "A11 

Of  f 

ELEMENT  "3" 

Off 

DEGF  SETPOINT: 

DEGF  SEP  TEMP  FACTOR f DEG F | 
DEGF 

STK  FLOW  ( FS4G0 ) 
DEGF  F/W  TSMF  SW  (TS451  ) 
DEGF  - — — — - 

degf  (j£uyE£AiruE^^ 

DEGF  FTMOFLOWlpfirT^^^^ 
DEGF  HEAT  EEC  ( MBTU/HR  } 


OR  TIME  #  MIN.  (FWPUMPI - 


35C,2 
0. 9 


1. 350  j 
840 


ELEMENT  "C" 
ELEMENT  MDM 


06/20/95 
1934:51 
?/F  3061 

TE400 

TE400R 

TE400DEL 

LS-150 

TE431 

TE610 

TE820 

TESSO 

TE831 

TE401 

LT400 

r  MP  4  5 1 
3 TART TEMP 
IDCN3T 

HTR400 


STACK  LOOP,  ANC  LOOP,  £  WTS 

IDC=  10 83 . 1  VDC  =  207  KWACKET-  200  VT310DEL-  -0.45  EVENTS  □ 
PT012ACT=  91,6  TE4 0 OFT-  351,0  TK<j12FT  =  1ES1  OVERRIDE  C 

F  160  R  160  S  60  W  £0  A  30  N  40  C  30  L  1.0  I  50 


SEPARATOR  TEMP  (PRIMARY) 

351,1 

D3GF 

5  BT?OT  NT : 

35D-4 

SEPARATOR  TEMP  (BACKUP) 

36: 

DEGF 

SEP  TBMP  FACTOR (DEGF) 

0 . 9 

ESP  TEMP  DELTA 

0.0 

DEGF 

WATER  TANK  LEVEL  SWITCH 

On 

STS.  FLOW  SW  (F£4C0> 

On 

POLISHER  TEMP 

3  19.5 

DEGF 

F/W  TEMP  SW  (TS451} 

On 

C0NDBNSOF.  EXIT  TEMP 

152.2 

DEGF 

OUST  HEX  EOT  IN  TEMP 

l$D-6 

DEGF 

CUMHEATPEC ( MMBTU } 

1 ,942 

OUST  HEX  COLD  IN  TEMP 

146 .1 

DEGF 

FTSSO  FLOW  ( FFK ) 

0 

CUSC  HEX  COLD  EX  TEMP 

179.9 

DGGF 

HEAT  REC  (MBTU/HR ) 

G 

STACK  COOLANT  INLET  TEMP 

30  3. 4 

DEGF 

SEPARATOR  LEVEL 

10.3 

IN 

WTS  FEEDWATER  PUMP 

On 

OH  TIME ,  MI «. (FWFUMP) : 

0 

TEMP  FOR  REF  HEATUP 

35P-D 

DEGF 

NET  DC  CURRENT 

1QS7 , 2 

AMPS 

ELEMENT  "A11 

Off 

ELEMENT  "C" 

Off 

ELEMENT  "E,r 

Off 

ELEMENT  11 D” 

Off 
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2034:51 


P/P  3061  06/20/35 

P  J.hQ  F Jrin  g  ft)  w 
L  ^  ^  2CL 

POWE^OOTflTf  ST5T7 

STACK  CURRENT  1036-0 

STACK  VOLTAGE  206.7 

VOLUMETRIC  FUEL  FLOW  1994-2 
ACTUAL  FUEL  FLOW  69. 3 

ZTOIO  EJECTOR  POSTTICK  66,9 
PHI  MONITOR  1.01 

FT L 4 2  BURNER  AIR  FLOW  517-7 

TE012  REFORMER  TEMP  1652.2 

TEE-1 2 R  BACKUP  REF  TEMP  1661.9 

TE0  02  HDS  TEMP 


TE400IT  STEAM  SEP  TEMP 
TE831  TEMP  TO  C-JST 


40  C 
KWAC 
XWAC 
AMPS 
VOLT  5 
3CFH 
PPH 
* 


KEY  PARAMETERS  (ENGLISH  UNITS} 

EVENTS^ _ J3 

30  L  10 
OPERATING  TIME 
POWER  FACTOR 
CUMULATIVE  POWER 
HALF  STACK  VOLTAGE 
FUEL  FLOW  SETPOINT 


OVERRIDE; 


PFH 

DEG7 

DEGF 


6D3.9  DEGF 

350.3  DEGJ 

150. 4  DEGF 


LT40G  SEPARATOR  LEVEL  11.0 

FMF451  STATUS  Off 

ELECTRICAL  EFFICIENCY  37.4 


IN 


?010^ET£OI1T7 

Jgf ALTpyeLCONS 

FT14E5E1 
ET110  POSITION 
TE01J.  SETPOINT 


TE4DQ  SETPOINT 
RECOVERED  HEAT 
TE431  POLISHER  TEMP 
TE810  GLYCOL  TEMP 
TRIED  MOTOR  COMF  AIR 
TElijO  MOT  COMP  AIR  IN 


152.5 

HKS 

l.QD 

12 .144 

MWHR 

0,33 

VOLTS 

1997 .0 

SCFK 

,S  ^  ^ 

1^5056 

SlTT^ 

'pFT-' 

35. 2 

* 

1657.1 

DEGF 

>  409.  S 

□EOF 

?-3Q-2 

DEGF 

101 

MET U/ HR 

121 . 9 

DEGF 

153.3 

DEGF 

107  .  6 

DEGF 

93 . 1 

DEGF 

lG  view 

RH  data 

OH?i\ 


F^V,  Ct^ViSOWFT^O^ 


"T\TfVL 

v'srw.Qk 


cawiitsrc  *L  O  F\EU 

5CF 


fcVjG, ,  FVJFV,  FJOTt  ; 


sugo. 

floot  VOO  SCFft 
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STACK  LOOP,  ASC  LOOP,  i  WTS 

H/ZC/? 5  IDC=  1036.1  VDC=  2(3  7  C^WACHET^^  19^  VT310DEL=  -0.4 4  EVENTS 


2035:32 

FTQ 12ACT=  33,5  TE400FT 

=  3  50,3 

T£012?r=  1555  — — .  OVERRIDE  0 

P/P  30bl 

T-  OaO  K  L60  S  43  W  20 

A  3  0  N 

40  C 

30  L  13 

TS40  C 

SEPARATOR  T3HP  ( PRIMARY ) 

350. 9 

DEGF 

SETPOINT: 

350.1 

T  E  4  Q  0  R 

SEPARATOR  TEM?  (BACKUP) 

350.3 

DEG? 

SEP  TEMP  FACTOR (DEGF) 

0, 9 

TE40CD3L 

SEP  TEMP  DELTA 

0. 0 

DEGF 

LS^U 

WATER  TANK  LEVEL  SWITCH 

Oil 

STK  FLOW  SW  (FS400) 

On 

TE4  jil 

n-  r-  C- 1  (”. 

POLISHES  TEMP 

121. 9 

i  sj  n 

DEGF 

r\T?fT 

F/W  TEMP  SW  'TS4511 

On 

1  L  G  J.  U 

TE62D 

LyJlUbtliUfi  CiAx  1  lEHx 

CUST  HEX  HOT  IN  TEMP 

i  Jn  -  U 

1SS.0 

DEGF  C 

.£  30 1, 

ns? 

TEBSO 

GUST  HEX  COLD  IN  TEW? 

150.7 

DEGF 

T5  91 

TE381 

CUST  HEX  COLD  EX  TEMP 

i  a  ?  .d 

DEGF 

HEAT  REC  (MBTU/HRj 

33 

C3401 

STACK  COOLANT  INLET  TEMP 

316.3 

DEGF 

LT4C0 

SEPARATOR  LEVEL 

1.0  .  EJ 

IN 

PMF 4  5 1 

WTS  FE2UWATER  PUMP 

Off 

OH  TIME,  MIN, ( FWPOMP  )  : 

0 

STARTTEMF 

T3WP  FOR  PEF  HEATUP 

350.0 

DEGF 

IDCNET 

MET  DC  CURRENT 

1031-8 

AMPS 

HTE400 

ELEMENT  MA" 

Of  f 

ELEMENT  1PCM 

Off 

ELEMENT  r|BPh 

Off 

ELEMENT  MDH' 

Off 

QVjVi.  CjS*.?  OT-^vr  l  a  V-j 


TW| 

'.VWBCi 

sisas'/aa. 

"CWVE*. 

WCWLt^ETfTftU  VitftT  ■^eOSMEW: 
WtSfCiS  "WrC,  OT  WtffT  "ftBCoNtSS  ■ 


CaMOiKTV'JF. 

\  ^Sc  ^QC  ■^T'Ci 
‘ST1^ 

Uio  v\rs> 

5,000  'SffO 

33A  ^  £“10  TTfu  /«B, . 


O  u 
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KEY  PARAMETERS  (ENGLISH  UNITS ) 


P/P  9061  06/21/95 

0935: 

15 

£V3NTSj-^C 

OVERBIDS:  0 

g_iai  B-160  5  60  W  20 

A  3Q _ N 

4[L _ C 

30  L  10  Q  ,8Qj 

^FpW^R^IiQ TP uT  i' ME^~)  l  F"~ 

33"7i 

^KWACj 

OPERATING  TIME 

166  .  0 

HRS 

"ToWEr^UTFU^ 

hITT/T" 

stWAC 

POWER  FACTOR 

0.95 

STACK  CURRENT 

410  .4 

AMPS 

CUMULATIVE  POWER 

14-561 

MWHR 

STACK  VC L TAG 3 

227  .  9 

VOLTS 

HALF  STACK  VOLTAGE 

-0-00 

VOLTS 

VOLUMETRIC  FUEL  FLOW 

7i;  .  q 

SCFH 

FUEL  FLOW  S3TPOINT 

717.6 

SCFH 

ACTUAL  FUEL  FLOW 

32.  0 

F?E 

ZT010  EJECTOR  POSITION 

23 .2 

% 

2T010  SETPOINT 

21.8 

% 

PHI  MONITOR 

1  .07 

TOTAL  FUEL  CONS 

1G9280 

SCF 

FT140  BURNER  AIE  FLOW 

250.4 

PPH 

FT14S  SETPOINT 

253.7 

PPH 

TE012  REFORMER  TEMP 

1513.3 

DEGF 

ZT1I0  POSITION 

45-5 

% 

TS312R  BACKUP  3EF  TEMF 

1310.2 

DEGF 

TE012  SETPOINT 

1527 .3 

DEGF 

TE0O2  HUS  T3M? 

60  3  L  0 

DEGF 

TR350  ANODE  INLET  TEMP 

1  406,7 

DEGF 

TE4C0FT  STEAM  SE?  TEMP 

354.0 

□  SGF 

TE40C  SETPOINT 

363.4 

DEGF 

TES81  TEMP  TO  CUST 

11=2-1 

DEGF 

R SCO VS RED  HEAT 

237 

MET U/ HR 

TE431  POLISHER  TEMP 

105-2 

DEGF 

LT400  SEPARATOR  LEVEL 

10.9 

IN 

TE81C  GLYCOL  TEMP 

151.3 

DEGF 

PMF451  STATUS 

On 

TS160  MOTOR  COMP  AIR 

100. a 

DEGF 

TE15C  MOT  COMP  AIR  IN 

84.0 

DEGF 

ELECTRICAL  EFFICIENCY 

IS  -  4 

Ta 

press  <NEXT  PAGE>  key 

to  view 

RM  dat* 

R 3 ACT ANT  SIIEPL^  SYSTEM 

06/21/95  IDC-  396.5  VDC  =  22 9  C KWACHET=  31J  VT310DEL=  -0,33  EVENTS  0 

0936:14  FTO 12ACT=  32  .  D  T340QFT^=  tE3T5tT=  151B  ^ - ^  OVERSIDE  0 

P/P  9061  F  161  a  \£U  S  60  W  20  A  30  N  40  C  30  L  10  Ql  flflj 


TED12 

REF  TUBE  TEMF  {PRIMARY ) 

1518.2 

DEGF 

SETPOINT : 

1526. Q 

TE012R 

REP  TUBE  TEMP  { BACKUP ) 

1511.5 

DEGF 

REF /FUEL  CONT  OUTPUT: 

l  .04 

TE0UDEL 

REF  TUBE  TEMP  DELTA 

6.5 

DEGF 

FT012ACT 

ACTUAL  MASS  FUEL  FLOW 

32  .0 

PPH 

SETPOINT  r 

31. 7 

FTDli 

UNCORF-  -  MAES  FUEL  FLOW 

36.1 

PPH 

TEQ1 1  FUEL  TSMP [ DEGF  ) 

SS-4 

SCFH 

ACTUAL  VOLUME  FUEL  FLOW 

710 .9 

CFH 

SETPOINT  r 

7QD  .  5 

7  UE  LTCT 

TOTAL  FUEL  CONSUMED 

169292 

SCF 

PT012  VENTURI { PS I A ) 

7  r  15 

ZT010 

EJECTOR  POSITION 

22.9 

% 

SETPOINT  r 

21.  6 

PHI MON 

PHI  MONITOR 

1,04 

STEAM  FLOW  5.?.  (PPH)  : 

134-4 

TE350 

ANODE  INLET  TEMP 

406.7 

DEGF 

TE002 

HDS  EEL  TEMP 

602.1 

DEGF 

HTE002  STATUS; 

□  f  f 

3FFREF  REFORMER  EFFICIENCY  S3  -  7  * 
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3TACX  LOQE 

&  WTE 

06/21/95 

IDC=  490.3  VDC  -  22  j  <J£ 

WACNET- 

4J  VT31DDEL-  -0-30  EV3NTE  0 

0937 : 07 

FTO 12AC7=  40.4  TE+00FT- 

itTrzT 

“rtfST 

’5ft-  1  5?I1  OVERRIDE  0 

P/P  0061 

P  161  R  160  3  60  W  20  A 

,30  N 

40  C 

30  L  10  CI^SO) 

TE4Q0 

SEPARATOR  TEMP  (PRIMARY } 

362.  E 

DEGF 

SSTPOINT: 

356.3 

7340  0  R 

SEPARATOR  TEMP  (  SACK'JP  j 

362.1 

DEGF 

SEP  TEMP  FACTOR (EEC-F) 

1.3 

734-00  DE I 

SEP  TEHP  DELTA 

0  .4 

DEG? 

124S0 

WATER  TANK  LEVEL  SWITCH 

On 

3TK  FLOW  £W  ( FS400 ) 

On 

TF431 

POLISHER  TEMP 

1  0  S  .  2 

DEG? 

F/W  TEMP  £W  {73451} 

On 

TE310 

CONDENEQE  EXIT  TEMP 

153. 3 

DEGF 

TE820 

CjST  HEX  HOT  IN  TEMP 

136,1 

DEG? 

CUMHSATRE  C ( HKD  t  u j 

3 .231 

TESSO 

OUST  HEX  COLD  IN  TEMP 

150. 5 

DEGF 

FT86C  PLOW  fp?3! 

22247 

TE381 

COST  HEX  COLD  EX  TEMP 

1GC.G 

DEG? 

HEAT  REC  (HBTU/HR) 

224 

73401 

STACK  COOLANT  INLET  TEMP 

346.1 

DEGF 

LT400 

SEPARATOR  LEVEL 

11.3 

IN 

PMP451 

WTS  FEEDWATER  PUMP 

Off 

ON  TIME..  MIN.  iFWPUMP)  : 

0 

STARTTEMF 

TEMP  FOR  REF  HEATUP 

350.0 

DEGF 

7DCNET 

Kar  DC  CURRENT 

209. 3 

AMPS 

ETE4G0 

ELEMENT  hA" 

On 

ELEMENT  MCM 

On 

E I  EM  3  If  T  ,rEv 

on 

ELEMENT  ”D” 

Off 

ELSCTiXi^ 

ifu 

06/21/95  1DC=  452  VDC-  2;*  AC PE"=  ^  .44,5)  VT31DDBL-  -0.95  EVENTS  0 

0933:12  FT012ACT*  35,0  T  S  4  0  0  ET=^^361  "tE0TZFT=  152fi  ,  OVERRIDES  0 


P/F  9061 

P  161  R  160  3  60  W  20 

A  30  N 

4  □  C 

30  L  10  (YjJlT] 

LUADTIMR 

Total  load  time 

166 

HR 

HOT TIME 

TOTAL  HOT  TIME 

225 

HR 

CRLV 

AVG  VOLTS  PER  CELL 

.794 

7/C 

AS? 

CURRENT  DENSITY 

fll 

ASF 

KWDC 

DC  KILOWATTS 

102.1 

KW 

VT310DEL 

DELTA  HALF  STK  VOLT 

-0.35 

V 

VT31G  HALF  STK  VOLT 

-0.02 

INSTANTANEOUS  DTK  AMPS 

+  52 

A 

EFFINV 

INVERTER  EFFICIENCY 

97,4 

% 

CELL  EFFICIENCY  (%} 

56.1 

3FFMECII 

MECHANICAL  EFFICIENCY 

50.  1 

% 

REF  EFFICIENCY  (%) 

S3. 4 

EFF3LEC 

ELECTRICAL  EFFICIENCY 

23-3 

* 

HEAT  RATS  ( ETC / XWHE  j 

16152 

KWACNET 

NET  AC  POWER 

44.  5 

EWAC 

DISPATCHED  POWER: 

0-0 

F?ACT 

ACTUAL  POWER  FACTOR 

0.95 

- 

DISPATCHED  P.F.  : 

1.00 

KVARNET 

NET  KVAR 

14.  5 

F.VAR 

DISPATCHED  KVAR: 

0-0 

KVAN3T 

NET  KVA 

46 .9 

KVA 

PARPOWER 

PARASITE  POWER 

54.5 

KW 

XWACGROS 

GROSS  AC  POWER 

99.1 

KW 

MWHRSGE 

CROCS  AC  MW  HE S 

17 . 936 

MWHR 

MWHRSNET 

NET  AC  MW  HOURS 

14. 563 

HWHH 
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06/21/95  :dc=  4  27  VDC=  22 j 
0939; 11  FT 0 1 2 AC  C -  35. 6  TE400FT- 

F/P  9061  F  161  R  160  S  60  W  20  A  30 


N  40 


'  0 D F T, -  -0  -  SI  EVENTS 
lFT=  - ^?5  ?  OVERRIDE 

C  20  L  1C  fl  flOi 


LINKVDC 


INV  AC  VOLTAGE , PHASE 
INV  AC  VOLTAGE  .FHA3F1 


432  L  9 
4S0  .  u 
47  3  .  9 


CTQ01A 

LFH/ 

cuRR&rrnrTffe^ 

T" 

A 

GT001B 

INV 

AO 

CURRENT  r PHASE 

E 

54.  9 

i 

CC00 -C 

IHV 

AC 

CURRENT, PHASE 

c 

47.5 

A 

CURRENT  UNEAL 

14.3 

P  T  H  0  3  A 

WET 

AC 

VOLTAGE, PHASE 

A 

4S5 . 4 

IT 

PTQ03B 

NET 

AC 

VOLTAGE  rPEIAEE 

B 

4S2.  7 

V 

pTooac 

NET 

AC 

VOLTAGE , PHASE 

C 

430 .7 

V 

VOLTAG3  UKEAu  (%) 

1.0 

LINK  VOLTAGE 


599,9  V 


0 

0 


PEHCFUNE 

PERCENT  FUNDAMENTAL. 

35.4  % 

?SREQ 

PEASE  SHIFT  REQUEST 

2.0  DEG 

MCE0C1 

G/I  BREAKER  STATUS 

on 

MCE0C2 

C/C  BREAKER  STATUS 

Off 

MCBD03 

INTER-TIE  BREAKER  ETAT 

Off 

TNCSOUNT 

INTERRUPT  COUNT 

0 

OUTPUT  TQ  AtlA  VfK, 

OUTPUT  \  "t 


ERDC/CERL  TR-06-19 


84 


CCe^aD  W^£V£*l’9£*!fO 


■sy£  V\Ot4ST  Ts  er*  sn  +*  SW\ 

■^.KSHJ  \*£T1  -.  (oQ  -H 
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Appendix  B:  Project  Meeting  Notes 


d Q^f\/L()  5  AFQ 


Q /<V  /*j£,  [k/t-rt'  /V£;/6//£h A' -J 6  ftd/iMi TdAj &j) 

~  tfuspiT/n* 


-  fLiGtrr  G/fee-  I'j&rr/^e,  a*j<-y) 

"/7&A/<r  £c&-77tiCA  c-  //dfWST/ZUcTUAS 

—  Cs'tU)  (Ic/cAzA  fit2S<5r<-  <£&k J£A*n  A.  frC 

(rh)Sf>^^  UiTTi  £/hd -//J®Gr/7C^azASre}fA7c^ 
COoMUZ  SysTTAi  -  T?f£y  ifaoe  Ufa  <)*/ 

{\l<-  CrUHcAc-  ipAOJ  oJ/3aj£  UrrA 
Ce^60rrb/U  fa  7.^0Ac/cuf\ 

\J/J/r  ft  fbTZ/Jft/fa  S/75-s 

-  f/vsp/rffa  /Ml  /t^c/cAT?*^ 

OvrSmef/Ajz 

~~  K'  Ld  £L  TfttAfafa  UftO'&ru*/ 

—  ft&St)  72)  If  fc(£r<_  (3^CC.  (2a a/ 


ft" 
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far?  fm&>u  ib  4 hat.  km?/  o«j 

G&777/J6  Alb/15  /&rf  S7Xu*ntA&  AMm 

Tb  /fern*j£  CcO/JdM'  c 


i/J*J«.<o  /G>/{l/J~{  /)  G//j^n  X4^C/'<.  fbc_, 

> — (Aojca.y  , J)  _fo fs^cd/  V./  Czv\C&s'/t-£  cJ  CX ^  kc^^lu^ 
it  day  y 4  hey)  kl ,  JL  oL~'A  fkAtk  AL/-J 

4 '  Ghllc**  -  U€  f-G-  /)/eceJ^{  «/"  ?  /£4j  , 

/^/^/}  //  £g/c)  ( 

^  **m7tei  Sfk&  \ksT/*J*  *s O^uA  fos6/k) 

,r  b&yi~  (yploGn  —  L/ru.  Co  7%  7/isfi77fi_^  n  ft**£c6  Cffcc/o, 
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<&  IH  fattf  GU  /^Pfi  S>Tt-  EJ/fv^fyyor^ 


rfrW/C  /9f75  -  sPfrc  £-  Ht^r? 

/  0  /iwnMd  Ccvbvuj  / u^^vA  (j/Y^dh  (jrd*~^  h&Ai.  Ci'\r£/'^^ 

^  /yyyjjh 

•"  Lddy  (jU sYo^*^  j  /uva  3/?>-r>v^ 

G*M444/y^  2£dO  d^jdo  / tL&j 


!y 


e(ec  )^»,000 

6^>  1^00  0 
(s6~s*  U^Y  JL  I  ,  VO  0 


+1  DS^, 


(  c)0  £ 


^4"  *#  #iy  a UhJr**x 

l-jz^^oi bS  If&o  SOiPXkI  f  Cl")  2i^3  /^-(~^  ^^M/oCr^VO 
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-kik)£  fcZ'J  £UaJJcVi  ^  f(jc_( 


£p^j).y  m  K\  cKof-p /^£7.u^  os'  fU,  ?? 

pvAMltfr  Of 

T  c  ZP.rJS7coOo.<-Ttod S  /OU£/?A  <-<-  fpj)6£f°t^[  docP) 

-fcSSt  Stc  fPPCl^t/U^  aJC<sO(SQ  6/  j 

-  n°ij 

—  (S'^>U(AotJrtZ:n/'J/l<— 


1 1  ,  <9irc  Ipjaluat 'oaJ  (ccfdop  SaMMp/iy  (pttey) 

—  fuwp  floors  -  T/iey'se- ^cr/hp  /j <? 

Jr  a  '*'1  c  K  /X.^«L  b€c*<^i  -e  fi-cse-  ’l  /oP^O 
Lo&J-fs  ~-  /aJ>//  /jted  /b  (Scc/'dtK.i/c  d/'aP 
/Ui  PI/ a/7^  o^ifk  {u.t,(  Qudd  oJoj^ru 

-  Pc  Uib.lt  Af  J  PervcO^L  CJ^JL  oJ  /kc  -h-K^J 
(^(ue-l)  -flUjj  A  le  gJuuSl.-^  O-P' 

~~  u oe  $  fuej /> ^ .  i £  q'  (SlgAsom<-  A 
Zso.  LjV  - ^ej  , 

Ul,  Q&Otaf\>-  CssolkpT)*^  df  otisss \) /£*£<- 

JjT  Uf&rt^S  fryers 

~  O  &/ c^rcLJtWej  j 

-3  ojLl,  / 


'0>ML  f(x3s/d>JZ(8  'u  eT 

Pi 


-  loc,  ^L. 


/)  I*  L-.  r 
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Q&16V 


^3  m^7 


(  '/uLdpoiC  Of  /^C>~  TPrJ&S/i. 

U  ,  ftf  1174c.  £/Jg-  (77uCj7 /'-o  "  7>Aj£ 

~<$7  -  fc/n  33  z.  AJ&zss'  71  7c  ja&*rs/72£3 
6>y  /l£*j  &-  <fer  AFf£*JA<-  (Af/^AZGryvS'-^ 
/Tz/.+hvcSvC  A'£/(<y'/  '’~  f  A/U(J/Acrfflpi/3rl i—  ■‘Jc£/~’&i  ~  J 

A&Z’  /J  Afry  f'  fzs  AfirA.i  /-&/'// 

M)/Uc  If  /.\/?C**/,lu/  7%/j  iJ(3£/z  f  Af/ycfc 

AfUi  7Z  (Ac  7  77/&/^<3c  S/6/JZ&  aAA  7?/y  iJdTe. 


0  — <  ? 

377777  •  7(7 $  /  6/ u  Ad  ui  £  —  jc<s 

SjTk  c  Cc  MntcTti  (v*  7it  c/iu  y  (\At J  A  /  c  Aj) 

fs}^.—  i  L  ( )  37  3a  7c i^c  / </  os\ 

(7)  AcU.  Sz/IPpze  m  Ai-facT 

(77)  iJ,f(  L-  LL/c-  /  C)  f.C  if)fA 

At' pa,  l-7s  , 


jhd_  QtxcsJU  -  crJ  Ah 
TonAechcr^  iJ 
i ;  ^Uatj  )  % 


VC 

/ 


<Lj.Vc7  —  Cxj?/*'*  r~'9 

f £*#.*>/*  (2  cfoj  A 

K 
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j/c  •f'lc 

(—)  &+'\ ;  1  jJ.--.xLi;'  fizEife-r-  VMT  0(~r 


H  P\j!' 
i  P!d  7  * 


/\\Jc i  QCC  /f  sbJS'guz.  -  AH&r/  Ja>  —  file  )£<.'?  £b^u, 

(A  fAWo'-  l  J  t\Ji  ^  /■ 


r-i 


(  'HJHjjL  'l 


3fun-j.  Cz'vc  r"  <^i&  ok- 

Kuyr  uzss  V-i&si  / 

Ojy. 

HGl  0  C X i?C- /i  /  d>--  <£:  for  T7ffl7~ 

&(J5£&  Clrj£l  U  j^t/vV&£’'s7  ~  /*xl!'73(sLy+1?c\r 


A^A^u/c  ^j,  c<_  fa.  Mgey  Ct 

dr  ofe/irvcu 

<-  c  Se  fejrarrz^  //</' 1  i  fH'-s  cs<-j 
Qr  tv  6/$TA'G  Her'  /'GGc^rLy 

S'iHjo- l o  fL/sip  0-  /  rftc. 

)  AVOcO  A  A! 7‘< i',~  T' 


(Li  (jehljl! 

(A)  0/'l  -  /  Ji  £g  AtfftY<c£P  /\  i«/Q'C*/iS-tfe^, 

6 Ai  y~i  A<  7a 

/jW  a-5  n  (Ht\ /  cf»£  . 

M-T-  fa*-) 


( (  by-  ik<S  i jL>J€  )  £*Sill  b  -z  skt  ^  y  /•>»  A$m*1IA- 
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3  - 


£"(  (3 A i  c\ 

0.)  faPtSS.  ‘Z  PtJcus/ 

fai  C~'  'j  S  7 f.  -<  c  /?<:'  .o  jc? '<0  &f>  ^  <-r  / 

( z7)  bJ:'(  hd  -/>  /  ’  ,^\  <c77 

■S'- 1 


(' )  7^  £<f  rWP&P  'O  ftf  Pu/oT, 

(  ( !hi ^  i  ) 

(}')  Cj  d-i.  A 

(7>  f/t  fa  /j 


TSt 


SI  J l\yi<~ 


(l)  v 

77  *v?/  tie  /‘A  a  /?  6’P  -4£ 


Bcjc 


/P  C/ 


7'  8  '  /-e.  ft  f?-  juJ 

)*  J 7\  -f'O  S  ^v  /“ 

2?  Pyr  -  ^f/-r  ffy  Pic  lelP^  \?y  37  77* 
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A/c  !, 


/? 


^5/rZT  SuBW'Z?/?  AJL  Ciyiyyp&uf; 


.<"7 


7H&  Ifcst&sS 


2 S  no .oA.  ftFCi 

-K>  pj  p~  332.  ^tTt  ^v4  ^r»  A 

'V  r^rvyjS^*!  Av£2-ji-^  fO  <y  ^  f  ^  .40  ^vXi  ♦v  fU 

/ysLrtk  ?+£  /TrJjdco  ,  ^)kx^Cyp  isC^X>  b  ^V^  jt  ^  Cv£zJl-  fa***cb*J  (? 

TtfB-  “££s>iC,^  C c  ^  ^  ^  ^ 

~  ^p  4wvx-.  f  f^l~l  CSsTfWsA.^  AaW\  t\yr^  ^Li>^  f<Unr>jL.  »  /U^P^vs^i 

J-, f” C  ^  'WJL*^  4l  fa  •'**  pA/C\A^X  C\  r^r^yi^ULA.  ]  &)L*rV)^-  Aaa — - 

-^t  . 


'^Vc.  ,/^jJi  r^T’r^  th  2  Icu^fa)  htficfa  b4  "fbjl  f^-'y  £k.\X  ^t>~d\  , 

“  CtfVWvK^  ofa^C  ;  ^-fco  />vf  ^  6Vvp 

^  crV^\M^Hl  jt^rLo  f^vVL  | ^'v^-  * 

—  £»,  ^ojOL  W  rJ  l  b>sZifay  ^  ■y&n^jt  w^M  u^oc6vo^ 

tPVT  j$AjL,2sf*><c  {rv^-CK^^  * 

t'ru^^erJ-  boeS#wT  u££  £-vi*iL  I  SiV^t  A's  5-Ap^fVU»  ^ 
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fiTt&  fac£T}7Mce_  Its!  fa-  ?7_ 

1X6  X  Mu*U*tA  —  EPus/WDJ 
X)ouG  1/QudCr-  —  OaJ  Sx~ 

Mltefr  (z/sJDc/?-  -  US/hLd/tJL 

/C&O  Mu A/jarO  OiOM'T  Ufl'Ji'  7b  fao«£^  frccr77fcc 
JCst~  (kpo/cr  a/L.  4j-£U(ltj,  He  ulMTeo  To  Tft&rr 
Fu£c-  feu.  /&  fate  §h>Pe/?(r?  uJHia/ 

(lequt  l&  7 yc  X2>a ‘•Mfaotra  72  st< fa?  Wzs&, . 

7~Hij  X^ucjO  Tff/cxr  A  Xjvtfcx  fassk/cp,  kfa  .  XX6llc£)  - 
It  matt-  SUfA/Aft-  fa »  72t£.  G7~  S'rf/jQ  fife  fuerc_ 

C£o<-  Q»+lO  6k  TfcZftTtO  4J  _]Sl  £$U<£MZ*lrr  , 
CXftyie  AX  A  Qe^Jk/i/m^  aft  GAUttg/ i)  a*jq  ~nhr? — 
)ce*l  Cfao  X/6/7  THk  Dv?su.  MkA)  £&0  T&A 

HdSf/TftL.  Old  /JbT  UjffolT'  A  OkQiCfTUM  C&*CW</ . .... 

S'trJok  77 tey  uJ&Le  0>S/J6  M^ey.  Av^mfts  guxl 
7 ne  ifapirxu,  Tfr  wetfec  face  fa  &ac7XK*y 

QaJcuuP/^6  Ufa  ft)  UJ, ft  eft  OakJ  Aar  CAFsATZ.  72& 

6/&  f(kc6>  cX  /2im,xO£q  Asa)  77fr^^±JM2£A£& 
tJfr?  SftvMcc  THf  fti&k?  fhtts  £(£&Ztct<ns  (jyzcmzp. 
jfoM  7 He  ur/LiTy.  tie  Su^sao  ~72?2t  jtfajfrsxz 

PdZfH'T  Sk<£  7?ftT-  SftV/JCS. .  f  <61-  3!  “£££>— 

H~X£r  puAl  dktc-  S'/TZF,  - - - _ 
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Appendix  C:  Review  Letters  for  Original 
Design  Drawings 


■Sow  y jjiJ  CJ  TO  fcu  .0  |'  CtrpuraJ  ftxn 


l-'obi'uflry  M.  L5Co 


Or.  M:kc3iJid« 

USA  UbRL 

I-^ue^v  d:id  L-Lj]j Lies  S-wenri:;  Hi  vision 
.VcWiTnrtfk 

Cli-irrpji:Tn.  '■  I  -  MB21  1076 

Suhjocr  TwCjj[y-NiiLe  P;i!ms  Kinnl  D^sLuji  RcvLe1*' 

Dear  Mike: 

SiAK?  ;ind  OS^r  liurn.sed  ttilic!-:  h  n  ioii  dnd  tr'eari-sd  alloc  y-ntrjL-.oTs.  huvC  JCY'iewied  the  me  I  e;iL 
::isuLllLi.ion  design  d;f.wjj}^s  fur  i-c  Twecr*  Mi:;u  P:ilm5  Majjjje  Corps.  Ease,  Our  cOmiTier.LS  :\n- 
pjEwnled  bi‘low. 

! .  hhAT  REMK  JN  I  .OOP  (COCJLiM<  r  MODULE; 

Li.  Assumed  £pjn  Row  rare. 

b.  Tul jJ  cl|  ui  vmI cri[  pi  piiijj  jisiifl ll  o  f  M  Tccr . 

c.  J-^nc!  ssiJq  e  drd?  -  30  irpin  in  2"  pips  i'/lOO1. 

d .  FI  u  id  L-outer  pmssu  f*  dri>p  -  I  -  ai  HfJ  gptc]. 

e.  Trjfla.  pies t tie  dmp  exmrruil'Kj  Wl  cc\\  is  IT  =  ’ift.T 

FLptf  tLiin lj  und  velocity  -ire  LuieLpiiHce  nr  2".  Dixch.:ir£c  hesd  [Oj  iri-r-^u I pienep  leestod 
r.  n1£,l  s’dl  power  rr.sKlule  sr.Odid  Ljrdnde  me  3  £7'  piping  loop  pressure  djKJ’j. 

2 .  HE  A'  I '  H  K’U  Vila.  V  ?TP?  N  t  r  ■  O  U  S  TOM  Eft  K I  Dll 

a.  Plov--  tju:  -  *w  gpiii. 

.  "L'-j.r  ii  i.j.Mi  v  o-.oLvit  M  *s 

c.  Pipe  siie  -  j" 

d.  Pressure  cirrtp  ■  25  itjeji  in  .V  pipe  =■  0. 3/ L 0U‘. 

C.  PipinL  pressure  loss  =  3. '  3  \  0.^  -  2.H‘ 

Pje^urr  dm?  rhro-.ioji LlEXSSG  lin  pnwiM  r." jjlLllLc: .1  =  In'  1 
<r.  r'crriJ  pump  Rend  ramrod  =  2.tf  ■  D-' -  ILT 

Piping  sLiiai'  jjia  vclneit>'  ajii  idequuLe  :iT  3";  hoover,  as  me  -■■e’  locit^-'  i£  low  id  1-3  feci  per 
fjoeonck  some  ^avin'ts  eon  Id  l\’  jej-Lecl  hy  nnlilicLL  2"  n".  A  clieuk  vaK'e_is 

-^L-onnnriended  ef  rln?.  dj.y-hari^  nt'.^ccijL'ulidinr  -J:im^  L1  2. 
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1:11a:  liKRCVERY  F'.T-'IMi  -  I- : ;  HI .  CELL  ZlDC  i  [inxfou  I  O  STOR  AGE 'I -AN  K 

loop  w.p- :  i 

■■■  ■■"''■v  "AC  jpm 

b.  wvc  -  ;-.*suilm  2 

■_ .  T-: UliI  >.:l3i i i v:i \r.w\  pj-_iu i l;  Id  i i l’i .i  -  7  2  T 

h-^iLur  cr:p  -  l.z>  *pni  in  2  '  pipd  -  I V I : n j" 

-■  PT-iMR  -  i.'l  I  v  I  3  -  ;..V 

f-  I  Jl  ■'  SI  LIJ  t  lLTL;  p  [  h:c:-u  p  n  H  H  X  K  SO  -  ::-'± 

j  TqLllI  pump  -.nsn  k'i'u:l:lji:  -  3.j  \y  -  A-.ii 

Piping  s  i  ?.i  n  i  ajjd  ■.iiu.i'.y  ^irc  :r.  7"  T:.c  3AC  Scjid*  vO.  sizd  I  - 1  ■'  2  A .  I.T  ll.P. 

".'Ll I II U  Jz  jJl-LU^L^. 

c:t y  Water  to  j-u:-:: .  < power  module 

■i.  T.w  r;u^  -  li^nmc  LO  hjjji  ± 

W;i:ci  -j[=-!i.Mir“  -  Ml  pile  _ 

n.  Tom;  0i|  uj  VLiJri^iL  pipr.^  l-.^n  ^  r.  -  !  y.j 

lL.  Prd.SSlirf:  fl  |  0  p  1 0  ^.P I  LI  i  1 1  J"‘ 4"  p]fK.‘  —10  psi  py  1  •!  X”l 1 

c. .  Prc=.->:ir?  drop  LtLrou.ph  J-Ji2X*K(l  -  :usnmc  |  y 

f.  .oOil  pnri^rc  .;L c*|j  llidu  i.s  I :  s.  Ilj;  +  f !  ^ .  ^  .4:0  -  22  II ie  .V-i"  pipd  si7£  :s 

LLL^pj.rt1  a^PjniJ.£  UjllL  ilL-lhiL  2?j  psi^ji  ihd  nicl  cc. IL  Lf.i.SC  is  iiilii-LYidL-ry. 

S.^C-i": hi!  lilt*  C i Ly  wiLlt  .-.iipplv  nor  bn  i  fitted  fior:;  ibd  p:-: lj.h !l:  sysinm  Li  Lbs 

p  IlUil,  ::n  ;j _nprov^:1  ViU-dljv  urdvdjuion  s.i  c^id  bd  -jl  uvju“J. 

NA  m<AL  C/'S 

■j  ■  i  'cmcciei.  !  ollI  -  1 . 000  C  TH 

b.  Pipd  si 7:1.  -  3 

L'.  C:  ensure  jr.  ooml-ot'-dn.tu'^iuEi  -  l.s-  let  id  Limit:  r  0!”  Vt'.C. 
h-.  :'r>t:iK\iULvpa^LLL  pr>iriL’  Idm'iii  -  I  hi V. 

.V1;iX!:TiUiU  dolb  d:  v  uipti.-iLy  i:f  0/i0  spcnrU'  ^i  LiviLy  jiLiL_ir:i i  lyi:-.  ptT  nour  Vh- i rh  pressure 
.Imp  : it  0.3  iiii'jL  wutez  -joSr.m  in  Y  pip-  is  2,7.37  CHE.  ?ipt  siidriLi  lt.  2  is  lll j l': lj l l ;-j li_: . 

NITROGEN 

■i  !  i  l'iUi  i  i  dd  _~L  v/  ritd  -  ■:  ;m  Id  n  nc  \\-  ivi  ,■  i  ::_Li  id  J  Rd  1 1 1  ullLl  pnjv 

b.  f'LP-  S1>1 u  -  iv'!" 

: : .  1 2irn  I  l\'_  u  i  v^lL-i  i  L  p::>i  n  i’  id m'Ni  =  : n'j . 

.As-unn:  :1;  j  ::it!mrdd  f!;li\-?iy  -JLiss^rd- or  3:1  p.ii c.  m  r|K  -.vIJ  pov/tr  [ij^duld  L^nriddlLL.']], 
LapLL'.ilv  -j\  l  ::.■■!  pipL1:  :s  in  t'Annft  ■■./:  :.r.00  h:dP.  pdr  Tii.'-.urc.  J’Jjii  i\2£  iliOi'Jd  :.K5 
nrinnn.'iio  I'iopriidjjj^j  jn  GNSEb  mj.ic i nr.Lm  r n: i-; i J  Row  riL“ 
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^  -rcj.~5 


llec:rk:ai. 

'i-  TIil:  o.Ljn^  snrynld  Iv  s.i;,[:iptLl  jy  j  n.:  i  id  clL"u!.rdcLiJ  cCLuijidcir. 

:t.  Mmn  i-IkjulJ  t>_*  71  vt"  thi  rhe  i.sw  i-uopind:  : .c..,  nKiUidj]^  A:C_  bie^r 

Az^.,  . 

'"ic  C-L'  ^CuCLii Ls  jhli  nr.ndu..-..jrs  !'mm  nLiw  ^.■.l>lur.c!  :o  "KTTI1"  jnri  "'[INI I1' 

s  non  Id  hr  ojvrri 

■J.  Tlir  Id  A-  Tiow^r  ':r>urco  LO  Llid  fuel  cr.j  powci  "jOJuit  shuud  b^:  shown 
e.  S:luv/  pTou::il  rrui  :i  mi  1  nd  frie  L  cd  I  enc  h^  .;nc: :  r.  d  a  1 1  [C:  l'UlUIl^jj  pu-Li  1  Ls. 
t.  ^iC-Vf  pjulLiil’  u:>  rum  MX)?  Liloi  1  ^  -.v i Lli  l^ccIit  kiT’.^ih  i.nd  v-nh'iec  (hop. 

aLisrid  on  Lho  i;:^11^' .Hid  J^'F  supply  LiiR’.pcnmjmfi  foi  The  doiiiLitlk-  I10L  ivalLT  Lonjis.  :Jjf  :  ,000 
.LiLjJon  ^rn^f.r:  ’Ouk  Lijpsu:s  LJrMjuu^.  The  d.-.mjk-d  s!**:  ideal  anc  c.nirm.il  dfi^iejj:  mt  m:Yic  i  ent, 
Vh- :[]j  euiidddraLiiiri  nl'The  dviv.-:  1;  Ojjjij  i^clLj.  w?  bdievr  rhnr  ■ !  ii.  oj[e  A  udequ  n\r  ro  pio^ecd 

TviLh  con^r  r  LnrioLL. 

Sir-LLtFrly, 


^i-i  ry-  Menejj  J 
Diddnn  M  images 
AdviLriLud  Energy  .SysTentt 
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Appendix  D:  PC25C  Fuel  Cell  Forced  Outage 
Description  Codes 


FORCED  OUTAGE  ORIGIN  BY  POWER  PLANT 


DESCRIPTION 

CODE1  CODE2 

POWER  SECTION  SYSTEM  PSS 

FREEZE  PREVENTION  HEATER  A 

FREEZE  PREVENTION  HEATER  B 

GROUND  FAULT  DETECTOR 

HALF-STACK  VOLTAGE  MONITOR 

FUEL  PROCESSING  SYSTEM  FPS 

SHUTOFF  VALVE 

SHUTOFF  VALVE 

CHECK  VALVE 

FLOW  CONTROL  VALVE 

EJECTOR 

REFORMER 

LOW  TEMP  SHIFT  CONVERTER 
AIR  PRE-HEATER 
BURNER  CONTROL 

INTEGRATED  LOW  TEMP  SYSTEM  ILS 


Fleet  Log  pagel 

Model  C 


CHANGE  IN  STATE  FORCED  OUTAGE; 

UNFORCED  OUTAGE 


DESCRIPTION  DESCRIPTION 


CODE3 

CODE 

CODE 

POWER  UP 

PU 

FORCED 

F 

HTR310A 

POWER  DOWN 

PD 

UNFORCED 

U 

HTR310B 

IDLE  UP 

IU 

GFD-001 

IDLE  DOWN 

ID 

VT310 

SHUTDOWN 

S 

NONE 

N 

cvooo 

CHV100 

CV100 

FCV012 

EJT010 

REF300 

SC300 

HEX910 

BSC001 


AIR  PROCSSING  SYSTEM 
FILTER 

PROCESS  AIR  BLOWER 
CATHODE 

CATHODE  AIR  VALVE 
REFORMER  BURNER 
VALVE  POSITION  INDICATOR 
AIR  FLOW  TRANSMITTER 
HAND  ORIFICE 
FIXED  ORIFICE 

REFORMER  BURNER  SENSOR 


APS 

FIL100 
BLOIOO 
FCV100 
FCV110 
FCV140 
ZT110 
FT140 
HOI  35 
FO130 
BE030 


THERMAL  MANAGEMENT  SYSTEM 
FLOW  SWITCH 

THERMAL  TEMP  MANAGEMENT  CONTROL 
THERMAL  TEMP  MANAGEMENT  CONTROL 
CELL  STACK  COOLING  H20  SUB-SYSTEM 
COOLANT  ACCUMULATOR 
COOLANT  PUMP 

THERMAL  CONTROL  HEAT  EXCHANGER 

FLOW  ORIFICE 

FLOW  ORIFICE 

BLOWDOWN  COOLER 

BLOWDOWN  VALVE 

MIXED  RESIN  DEMINERALIZER  BED 

ELECTRIC  HEATER 

MOTORIZED  VALVE 


TMS 

FS400 

TE400 

TE431 

CSCW 

ACC400 

PMP400 

HEX400 

FO400 

FO420 

HEX310 

FCV430 

DMN440 

HTR400 

TCV400 


ANCILLARY  COOLANT  SUB-SYSTEM  ACS 

PUMP  PMP830 

BLOWDOWN  COOLER  HEX431 

CONDENSER  HEX920 

CUSTOMER  HEAT  EXCHANGER  HEX880 

FORCED  CONVECTION  COOLING  MODULE  HEX800 

SELF-ACTUATED  FLOW  CONTROL  VALVE  TCV800 

MOTORIZED  VALVE  TCV830 

HAND  ORIFICE  H0840 
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Fleet  Log  page2 

Model  C 


WATER  TREATMENT  SYSTEM 
WTS  PUMP 
ORGANIC  FILTER 

MIXED  RESIN  DEMINERALIZER  BED 
MIXED  RESIN  DEMINERALIZER  BED 
MIXED  RESIN  DEMINERALIZER  BED 
MIXED  RESIN  DEMINERALIZER  BED 
FEEDWATER  PUMP 
ISOLATION  HAND  VALVE 
ISOLATION  HAND  VALVE 
WATER  TANK  LEVEL  TRANSMITTER 
WATER  TANK  LEVEL  TRANSMITTER 
WATER  TANK  LEVEL  TRANSMITTER 
WATER  LEVEL  CONTROL  VALVE 
CHECK  VALVE 

NITROGEN  PURGE  SYSTEM 
OPEN  SOLENOID  VALVE 
OPEN  SOLENOID  VALVE 
FLOW  ORIFICE 
AIR  EJECTOR 


WTS 

PMP450 

ORG450 

DMN450A 

DMN450B 

DMN450C 

DMN450D 

PMP451 

HV450A 

HV450B 

LS450 

LS451 

LT450 

LCV451 

CHV451 

NPS 

CV720 

CV710 

FO720 

EJT710 


CABINET  VENTILATION  SYSTEM  CVS 

VENTILATION  FAN  FAN  165 

VENTILATION  FAN  FAN150 

FLOW  SWITCH  FS165 

FILTER  FIL150 

FLOW  CONTROL  DAMPER  FCD150 

EXIT  FLOW  RATE  CONTROL  TE 1 50B 

TO  PROCESSED  STEAM  SHUTOFF  VALVE  CV500 


ELECTRICAL  SYSTEM 
POWER  CONDITIONING  SYSTEM 
MOTORIZED  AC  CURCUIT  BREAKER 
MOTORIZED  AC  CURCUIT  BREAKER 
MOTORIZED  AC  CURCUIT  BREAKER 
POWER  DISTRIBUTION  SYSTEM 
AUXILIARY  TRANSFORMER 
UNINTERUPTABLE  POWER  SUPPLY 
POWER  PLANT  CONTROL 
LOCAL  OPERATING  INTERFACE 
LOCAL  DIAGNOSTIC  TERMINAL 
ELECTICAL  CONTROL  SYSYEM 

OTHER 

OTHER  ELECTRICAL 

K001 

K002 

INVERTER 

CSA 

PC  CARD 

BOOST  REGULATOR 
FUSE 

POLE  FAULT 
BRIDGE  FAULT 
QUAD  POWER  SUPPLY 
DUAL  POWER  SUPPLY 
RELAY  TRIP 
GROUND  FAULT 
CIRCUIT  BREAKER 
CONTROLLER 
SUBSTACK 
GRID  DISTIRBANCE 
OTHER  GAS 
OTHER  WATER 


ES 

PCS 

MCB001 

MCB002 

MCB003 

PDS 

T005 

UPS001 

PPC 

LOI 

LDT 

ECS 

OTR 

OTRE 

K001 

K002 

INV 

CSA 

PC 

BSRG 

FUSE 

POLE 

BRDG 

QUAD 

DUAL 

RELAY 

GRND 

CRB 

CRL 

SBSTK 

GRID 

OTRG 

OTRW 
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Appendix  E:  Summary  of  Maintenance 
Invoices  by  Year 
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